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Few studies of the adrenal or pituitary 
function of the pyridoxine-deficient rat have 
been published. Histological studies of Dean 
and Shaw(1) showed at 3 weeks no more than 
‘a mild transitory stimulation of the zona 
fasciculata and reticularis of the pyridoxine- 
deficient rat. In 6 to 10 weeks this disap- 
peared and the gland did not differ from that 
of the control. More recently, Stebbins(2) 
reported profound changes in the adrenal of 
the pyridoxine-deficient rat. At weekly inter- 
vals during a period of 5 weeks progressive de- 
pletion of the sudanophilic lipoid, birefringent 
material, cholesterol and ascorbic acid oc- 
curred in the fasciculata. These adrenal al- 
terations were not present in the inanition and 
ad libitum controls. Impaired water diuresis 
which was restored to normal with desoxycor- 
ticosterone acetate (DOCA), lipo-adrenal ex- 
tract or pyridoxine’ was also observed by 
Stebbins(3) in the pyridoxine-deficient rat. 
Ershoff and Parrott(4) found a normal lym- 
phopenic response to a single dose of epineph- 
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rine in the pyridoxine-deficient rat. When 
epinephrine was injected daily for 10 succes- 
sive days, however, an impaired lymphopenic 
response resulted. Whether this was caused 
by the deficiency itself or by the effects of 
inanition, these workers were not able to as- 
certain because caloric restricted rats were not 
studied. 


The present study was restricted to one 
technic of determining the functional capacity 
of the pituitary and adrenal of the pyridoxine- 
deficient rat, that measured by eosinopenia. 


Both epinephrine and adrenocorticotropic hor- 


mone (ACTH) were used by Thorn(5) in 
eosinopenic tests for the diagnosis of hypo- 
pituitarism and adrenal insufficiency in hu- 
mans. In addition, hypoxia has been well 
established as a stimulus of the pituitary ad- 
renal system(6). Low barometric pressure 
causes specific metabolic changes in the in- 
tact rat(7) but not in the adrenalectomized 
rat(8). 


Methods and materials. Diets and animals. 
Normal adult male Long-Evans rats with a 
mean weight of 376 g at a mean age of 103 
days were placed in individual metabolism 
cages. Three groups were established; de- 
ficient, pair weighed, and those fed ad libitum. 
For 8 weeks all received a basal diet consist- 
ing of 24% casein (Labco, vitamin tested), 
4% Hubbell et al.(9) salt mix and 62% 
sucrose. Vitaminst were fed 3.times weekly 
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in individual cups. The pyridoxine-deficient 
group received 30 mg of desoxypyridoxine per 
kg diet mixed directly into the ration, and 
pyridoxine was omitted from their vitamin 
supplements. The average weight loss in the 
deficient and pair weighed groups was 29%, 
while the ad libitum group gained 1%. In the 
deficient group mild acrodynia of the nose and 
fore paws in the 4th week progressed during 
the 7th and 8th weeks into severe involvement 
of the nose and all paws accompanied by 
alopecia. 

Initial eosinophil counts were made imme- 
diately prior to the injections and 4 hours 
later. Thirty rats of Series I were injected 
during the 7th week on consecutive days with 
saline, 25 wg of epinephrine and 1 mg of 
ACTH. During the 8th week of the regimen 
these same animals were hypophysectomized. 
Twenty-four hours postoperatively 1 mg of 
ACTH was administered (Table I). 


Series IJ comprising 48 rats was studied in 
the 4th and 7th weeks of the regimen for the 
purpose of determining any possible transi- 
tory eosinopenic response changes. ‘Twenty- 
four rats received injections of 50 pg of epi- 
nephrine in these 2 periods and one injection 
of saline in the 4th week (Table I). In the 
8th week of this dietary regimen the 24 rats 
of Series II were subjected to 24 hours of fast- 
ing and during the last 20 hours to hy- 
poxia(10) equal to a decreased atmospheric 
pressure of 349 mm of mercury equivalent to 
20,000 ft altitude. The animals were indi- 
vidually confined in 2-qt Mason jars which 
were attached to the low barometric pressure 
system. The animals had free access to water. 
The initial eosinophil counts used in this ex- 
periment were determined 3 days prior to sub- 
jecting the animals to hypoxia. The final 
eosinophil counts were completed immediately 


t+ The water soluble vitamins were dissolved in 
20% aqueous ethanol solution and supplied each rat 
daily the following amounts in. mg: thiamine hy- 
drochloride, riboflavin, pyridoxine, and folic acid, 
.02 each, Ca pantothenate and para-aminobenzoic 
acid, .10 each, niacin amide, .07, inositol, 2.5, biotin, 
.002, and choline, 5.0. Vits. A and D and mixed 
tocopherols were dissolved in vegetable oil and were 
supplied separately in amounts of 1000 I. U., 100 
I. U. and 3 mg/rat/week. 
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after the pressure was gradually increased to 
sea level. In like manner 24 rats of Series IT 
in the 8th week of the regimen were fasted 24 
hours and were placed into 2-qt jars during 
the last 20 hours of the 24-hour fasting period. 
These jars were also placed within the con- 
fines of the apparatus without connecting 
them to the hypoxia system. Eosinophil 
counts were similarly determined (Table I). 
The animals of Series III received saline in- 
jections followed by epinephrine injections 24 
hours later during the 8th week of the regimen. 
This series consisted of 5 deficient and 5 pair 
weighed animals (Table I). 

Blood technic and injections. Because di- 
urnal variation(11) is an important factor in 
obtaining a constant eosinophil count from 
day to day all 4-hour tests began at 9:00 A.M. 
and were completed by 3:30 P.M. Insofar as 
possible environmental conditions were stand- 
ardized(12). The animals were not disturbed 
12 hours prior to the counts(13). Free flow- 
ing tail vein blood was obtained within 2 min- 
utes after removing the animals from the cage 
and duplicate white blood pipettes were filled 
to the 0.5 mark. One chamber of a 0.2 mm 
Fuchs-Rosenthal hemocytometer was counted 
for each pipette. The diluent was prepared 
according to Speirs and Meyer(13). The per 
cent eosinophil change was statistically 
evaluated as a plus or minus value. The 
aqueous solution of 0.5 ml of 0.9% sodium 
chloride was administered intraperitoneally. 
Epinephrine hydrochloride (Adrenaline hydro- 
chloride, Parke Davis & Co.) was diluted with 
0.9% sodium chloride to contain either 50 pg 
or 25 wg per 0.5 ml. This solution was ad- 
ministered subcutaneously in 0.5 ml quanti- 
ties. In the intact rat Hungerford(14) dem- 
onstrated graded eosinopenic responses to 
epinephrine in doses from 10 pg to 150 pg 
provided it was administered subcutaneously 
rather than intraperitoneally. A solution of 
1 mg ACTH prepared from sheep pituitary 
glands(15) in 0.5 ml of 0.9% sodium chloride 
solution was administered intraperitoneally. 
A 0.5 ml syringe and a size 24 needle were 
used for all injections. 

Results. Initial circulating eosinophil levels. 
The initial circulating eosinophil levels in 
Series I, II and III showed no differences 
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TABLE I. Eosinopenic Responses of the Pyridoxine-Deficient Rat Induced by Saline, Epinephrine, 
ACTH, Fasting and Hypoxia. 
ee —- qq, ————————————— 


xe No. of y— Eosinophils/mm —, 
Series Treatment Week rats Group Tnitial Final % changet 1D 
I. Intact Saline i 10 D§ 415+ 60 2754+ 76 —41+ 9 
oO ml 9 PW 369+ 91 202+ 79 —d2+ 10 
10 AL 478+ 81 3134+ 46 —40+ 6 
Epinephrine 7 10 454+ 89 108+ 22 —79+ 3 <.01 
25 ug 10 PW 388 + 38 167+ 74 —62+ 6 <.30 
10 AL 519+ 69 213+ 44 —59+ 7 .07 
ACTH a 10 513+ 60 1674 78 —73+-7 02 
1 mg 10 PW 3882+ 72 141+ 46 —654+ 8 <.20 
10 AL 5144+ 50 70+ 62 —68+ 6 <.01 
Hypophysee- ACTH 8 Tf 401 + 111 152+ 62 —66+ 8 
tomized 1 mg 7 PW 009 a6 0% (4 247 4 78), 65 17 
7 AL 922+ 225 3888+171 —60+ 8 
II. Intact Saline 4 8 498 + 144 426+ 79 + 2+ 6 
5 ml 8 PW 621 + 199 337 + 70 —474+ 8 
8 AL 454+ 92 385+ 46 —19+11 
Epinephrine 4 8 514 + 136 98+ 25 —764 7 <.01 
50 ug 8 PW 424 + 128 134+ 10 —834+ 8 <.01 
8 AL 454+ 38 88+ 138 —80+ 5 <.01 
Epinephrine @ 8 30 ee 12 (ee We Meera BS <M) 
50 ug 8 PW 297 + 24 79— 24 —75>2 8 <.01 
8 AL 529+ 46 534 8 —88+ 3 <.01 
Sea level 8 8 403 + 29 170+ 84 —d5+10 
fasved 8 PW 364+ 97 115+ 32 —é2+418 
8 AL 419+ 35 284+ 56 —31+17 
Hypoxia 8 8 370-38 T+ 4 —984+ 1 <.01t 
20000 ft 8 PW 297 + 68 21+ 9 —89+ 6 03 
8 AL 476 + 120 25+ 9 —93+ 3 <.01 
III. Intact Saline 8 5 514+156 4234145 —14+14 
5 ml 5 PW 654+ 17 250+ 18 —60+ 8 
Epinephrine 8 5 504 + 145 1144+ 59 —86+4+ 9 <.01 
50 ug 5 PW 405+ 90 46+ 20 —91l2 3 <.01 
* Probability of significance of the % change of each group compared with its respective eosino- 


penia induced by saline injection. 
Initial — final 
+ % change = 100 X 
Initial 


$ Probability of significance of the % change of each group compared with its respective % change 


at sea level. 


§ D = deficient, PW = pair weighed, AL = ad libitum. 


within each group from day to day or within 
the same week on the dietary regimen (Table 
I). The hypophysectomized animals showed 
no differences from their respective unoper- 
ated groups. However, in Series II during the 
7th week and 8th week the initial circulating 
eosinophil levels of the deficient and pair 
weighed groups were significantly decreased 
when compared with their respective initial 
eosinophil levels during the 4th week. 

Series I. Eosinopenias induced by saline, 
epinephrine and ACTH. During the 7th week 
the decrease in the eosinophils of all 3 groups 


following saline injection was —40% to 
—50% (Table I). This change was of the 
same magnitude in each group. Epinephrine 
injected at the 25 wg dose level gave a signifi- 
cant change in the deficient group when com- 
pared with its own saline-induced eosinopenia. 
Obviously, 25 «wg of epinephrine was not large 
enough a dose to produce a significant re- 
sponse either in the pair weighed group or in 
the ad libitum group. ACTH caused a sig- 
nificant eosinopenia in the unoperated animals 
of the deficient group (—73%) and of the 
ad libitum group (—65%) as compared with 
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their respective saline responses. When these 
previously mentioned responses to ACTH are 
compared with each other, all 3 groups exhib- 
ited the same degree of eosinopenia. The 3 
hypophysectomized groups showed equal 
eosinopenic responses to ACTH which did not 
differ from their corresponding ACTH-in- 
duced eosinopenias before the operation. 

Series II. Eosinopenias induced by saline 
and epinephrine. Saline caused an eosino- 
philia of +2% during the 4th week in the de- 
ficient group. This value differed signifi- 
cantly from its corresponding deficient group 
(—41%) during the 7th week in Series I but 
not from the deficient group (—14%) in 
Series III in the 8th week. No differences in 
the saline-induced eosinopenia in the pair 
weighed (—47%) and ad libitum group 
(—19%) occurred. The degree of eosino- 
penia resulting from the administration of 50 
pg of epinephrine during the 4th week and 7th 
‘week was comparable (—75% to —88%) in 
all 3 groups, and all were significantly below 
their respective saline eosinopenias. 

Series II. Eosinopenias induced by fasting 
and hypoxia. The changes at sea level of the 
fasted animals reflected the stresses of han- 
dling, fasting 24 hours and of confinement in 
the hypoxia chamber for the last 20 hours. 
The eosinopenia in all 3 groups was of the 
same magnitude (—31% to —55%, Table I). 
In all 3 groups hypoxia caused comparable 
eosinopenias (—89% to —93%) which were 
significantly greater than the eosinopenic re- 
sponses of their respective groups at sea level. 

Series III. Eosinopenias induced by saline 
and epinephrine. During the 8th week a sep- 
arate series of animals was studied for the pur- 
pose of confirming our previous results with 
epinephrine. The eosinopenia caused by sa- 
line was significantly larger in the pair 
weighed group (—60%) than in the deficient 
group (—14%). Administration of 50 pg 
of epinephrine again caused a_ significant 
eosinopenia in both the deficient and pair 
weighed groups (—86% and —91%,_re- 
spectively) as compared with their saline- 
induced responses. 

Discussion. The present experiment dem- 
onstrates that the pyridoxine-deficient rat was 
capable of responding to stress with a sig- 
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nificant eosinopenia as well as did the pair 
weighed and ad libitum controls. It may be 
assumed therefore, that there was no inter- 
ference in the elaboration or release of ACTH 
and adrenal 11-oxysteroids in the pyridoxine- 
deficient rat as determined by the epinephrine 
tests employed during the 4th week of mild 
deficiency signs and during the 7th and 8th 
weeks when severe acrodynia was present. It 
has generally been found that epinephrine 
acts directly upon the pituitary of rats causing 
the release of ACTH(16-19). Gemzell(19) 
in addition showed a fall of the pituitary 
ACTH content and a concomitant rise in the 
body fluid ACTH content in rats. In humans 
this action has not been demonstrated(20). 
When the pituitary adrenal axis was inter- 
rupted in rats by hypophysectomy or adrenal- 
ectomy, it has been established that no eosino- 
penic response followed the administration of 
a physiological dose of epinephrine(13,16,17). 
On the other hand, a synergistic action of 
epinephriné with cortisone has been demon- 
strated(21,22). When either substance alone 
is incapable of producing an eosinopenia at 
the dose levels used, evidence of their com- 
bined eosinopenic efficaciousness has been 
found both in adrenalectomized humans by 
Kark and Muehrcke(21) and adrenalecto- 
mized dogs by Henry e¢ al.(22). 

The use of ACTH-induced eosinopenia as 
a test for the adrenal function has been re- 
ported to be reliable for humans(21,23,24) 
and for rats and dogs(13,15). The data show 
that ACTH in the intact rat gave a significant 
eosinopenia in the pyridoxine-deficient and ad 
libitum groups but not in the pair weighed 
group. This was probably due to the greater 
saline-induced eosinopenia (by —11%) of 
this latter group. In order to obviate any 
activity mediated by the pituitary, hypophy- 
sectomized rats were used. The use of the 
hypophysectomized animal has the advantage 
of offering a more valid method of testing the 
adrenal function because endogenous ACTH 
is not present. All 3 of these hypophysecto- 
mized groups including the pyridoxine-de- 
ficient group gave eosinopenic responses 
greater than —50%. Our data made it evi- 
dent that the adrenal cortex of the hypophy- 
sectomized pyridoxine-deficient rats is capable 
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of normal function as determined by the 
eosinopenia induced by ACTH administration. 


Hypoxia was shown to cause eosinopenia in 
dogs by Furgeson and Smith(25) and in rats 
during recovery from hypoxia by King et al. 
(26). Our experiments demonstrate that the 
pyridoxine-deficient rat is capable of a normal 
eosinopenic response following 20 hours of 
exposure to an altitude of 20,000 ft including 
a 24-hour fast. Fasting of rats confined in the 
hypoxia chamber at sea level caused sufficient 
stress to produce a sharp drop in the circulat- 
ing eosinophils. The latter finding suggests 
that eosinopenia is a more sensitive index of 
alterations in the pituitary and adrenal ac- 
tivity than are metabolic and adrenal changes 
(27) which fail to occur under these fasting 
conditions in the normal rat(28). 


The differences between the adrenal histo- 
logical findings of Stebbins(2) and Deane and 
Shaw(1) may be attributed to unequal suscep- 
tibility of dissimilar strains of rats to pyri- 
doxine-deficiency (29); the former used Car- 
worth male weanlings while the latter used 
Long-Evans young male rats. The current 
study of the adult pyridoxine-deficient male 
Long-Evans rat given desoxypyridoxine did 
not duplicate either of the previously men- 
tioned experimental conditions. The eosino- 
penic responses in the adult pyridoxine-de- 
ficient male rat during the 4th, 7th, and 8th 
weeks indicated a normal response of the 
pituitary adrenal system to the stimuli used. 
Extra-adrenal factors may well be involved in 
eosinopenia but adrenal hormones appear to 
have at least an indirect influence. 


Summary. Eosinopenic responses following, 
1) hypoxia treatment, and 2) epinephrine in- 
jections, both in the intact rat, and 3) ACTH 
injections in the intact and in the hypophysec- 
tomized rat were of equal magnitude in the 
pyridoxine-deficient, pair weighed and normal 
animals. The significance of these findings 
is discussed. 
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During exposure to low environmental tem- 
peratures metabolic changes involving potas- 
sium and magnesium occur. Increases in the 
levels of potassium in serum have been de- 
scribed in animals subjected to acute cold ex- 
posure(1) and in men transferred from a 
warm climate to an arctic environment(2). 
Magnesium has been implicated as an im- 
portant factor in temperature regulation 
primarily on the basis of animal experiments, 
but the data in man are scanty and contro- 
versial(3). Hypothermic rats develop in- 
creased cardiac sensitivity to injected potas- 
sium salts(4); however, the electrocardio- 
graphic changes described in hypothermia (5) 
were not entirely characteristic of the changes 
observed in either hyperkalemia(6) or hyper- 
magnesemia(7). 

The present study was undertaken to deter- 
mine the extent and rapidity of any changes 
that might occur in the concentrations of 
serum potassium and magnesium during acute 
cold exposure. Electrolyte changes were also 
correlated with alteration in serial electrocar- 
diographic patterns. 

Materials and methods. Twenty-two ex- 
periments were performed on 20 young, nor- 
mal men. Each subject dressed in underwear 
reclined for 45 minutes at an ambient tem- 
perature of 75°F, then reclined in a cold 
chamber maintained at 45°-50°F for 90 
minutes. Venous blood was obtained with- 
out stasis at the end of the control period 
and at 30-minute intervals in the cold for 
the determination of magnesium by the 
method of Simonson, Westover, and Wert- 
man(8), potassium with the Beckman flame 
photometer, and serum proteins by the 
copper sulfate specific gravity method. Ion- 
ized magnesium was estimated from the 
total serum magnesium and protein concen- 
trations, using the nomogram of Willis and 
Sunderman(9). Rectal temperatures were 
obtained with clinical thermometers at the 


times that blood samples were drawn. Elec- 
trocardiograms were obtained on 19 subjects 
with a direct writing Sanborn Viso-Cardiette 
at the end of the control period and after 40 
and 80 minutes of cold exposure. The three 
standard limb leads and V2 and V4 were em- 
ployed. Tests for significance were done by 
paired data analyses; thus, each individual 
served as his own control. 

Results and discussion. The data are sum- 
marized in Table I. The mean serum con- 
centrations of proteins and potassium after 
30, 60, and 90 minutes of cold exposure were 
all statistically significantly higher than the 
control values (P <0.05). The absence of 
any correlation between the changes in pro- 
teins and potassium (r = 0.04, not signifi- 
cant) militates against the possibility that the 
changes in this electrolyte were due solely to 
hemoconcentration. There were no statisti- 
cally significant changes in rectal temperature 
or concentration of total or ionized serum 
magnesium. However, any change in the con- 
centration of magnesium may have been 
masked by hemoconcentration. 

Analyses of the electrocardiograms failed to 
reveal any important changes in cardiac rate, 
rhythm, or conduction. Examination of the 
T waves in lead V, revealed a significant in- 
crease in amplitude after 40 and 80 minutes 
of cold exposure, but this small increase did 
not correlate significantly with the increase 
in concentration of serum potassium. 

The mechanism responsible for the increase 
in the concentration of serum potassium in 
this study is not clear. Heightened muscle 
activity may have been partially responsible 
for this increase since shivering was a promi- 
nent feature in this experiment. Such_ in- 
creases have been described in rats during 
exercise(10) and in man during electroshock 
therapy(11). The results of the present re- 
port confirm the findings in animals subjected 
to. cold exposure(1). Various mechanisms 
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TABLE I. Mean Values and Standard Deviations of Concentrations of Serum Potassium, and 
Magnesium and of Height of T Wave in Lead V,. 


Min. of cold exposure 0 30 60 90 
Total serum proteins (g/100 cc) 7.24 + .27 7.47 + .37 7.62 + .35 7.75.31 
As % of control 100 103 105 107 
K (mEq/1) 4.67 + .30 4.92 + .30 Oolila=t= 530 5.20 + .36 
As % of control 100 105 109 dla tat 
Total Mg (mEq/1) 1.55 + .26 1.57 + .29 1.61 + .32 1253 se533 
As % of control 100 101 104 99 
Ionized Mg (mHq/1) TRAY See pA all IIE SS Lele 
As % of control 100 100 100 100 
40 min 80 min. 
ECG lead V, 8.03 9.22 9.53 
T wave height in mm + 2.44 + 2.71 + 2.97 
As % of control 100 115 119 


have been postulated to explain the increased 
serum potassium in the experiments noted, but 
the nature of the present study does not per- 
mit analogous interpretation of the findings 
reported here. 

Summary. Twenty healthy young men ex- 
posed to a temperature of 45°-50°F for a 
period of 90 minutes showed a significant ele- 
vation in the mean concentration of serum 
potassium, but no significant changes in the 
mean serum concentrations of either total or 
ionized magnesium. No correlation was ob- 
served between the changes in the electrocar- 
diogram and the changes in the concentration 
of serum potassium. 


We are indebted to Miss J. A. Klimas for the 
statistical analyses. The technical assistance of Mrs. 
I. T. Dobalian, Mr. A. MacLeod, Pfc R. Bunge, 
and Pfc J. Lopex is appreciated. We are grateful 
to Drs. A. Henschel and F. Daniels, Jr. for their 
suggestions and criticisms. 


1. Booker, W. M., Hayes, R. L., DaCosta, F. D., 


Jones, W., Hill, R., and Titus, P., Fed. Proc., 1952, 
vil; 25: 

2. Survival in the cold: A metabolic and nutri- 
tional study of soldiers acclimatized to heat trans- 
ported abruptly to a very cold climate. Med. Nutri- 
tion Lab. Chicago, Rep. No. 42, Nov. 30, 1948. 

3. Hall, V. E., Grant, R. E., and Whalen, W. J., 
AF Tech. Rep. No. 6682, August, 1951. 

4 Elliott, EL We and’ Crimson, J. Mi Amma 
Physiol., 1947, v151, 366. 

5. Kossman, C. E., Bull. N. Y. Academy Med, 
1940, v16, 317. 

6. Tarail, R., Am. J. Med., 1948, v5, 828. 

7. Smith, P. K., Winkler, A. W., and Hoff, H., 
Am. J. Physiol., 1939, v126, 720. 

8. Simonsen, D. G., Westover, L. M., and Wertman, 
M., J. Biol. Chem., 1947, v169, 39. 

9. Willis, M. J., and Sunderman, F. W., J. Biol. 
Chem., 1952, v197, 343. 

10. Miller, H. C., and Darrow, D. C., Am. J. 
Physiol., 1941, v132, 801. 

11. Welt, L. G., Orloff, J., Kydd, D. M., and Olt- 
man, J. E., J. Clin. Invest., 1950, v29, 935. 


Received May 6, 1953. P.S.E.B.M., 1953, v8&3. 


662 


Reproduction in Paramecium as Affected by Small Doses of X-Ray and 


Beta Radiation. 


GrorGE E. DANIEL AND HELEN D. PARK. 


(20450) 


(Introduced by Willie W. Smith) 


From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Public Health Service, Department of Health, Education, and Welfare, Bethesda, Md. 


During the course of work on the effect 
of high energy radiation on protozoa it was 
observed that isolation cultures of Para- 
mecium caudatum in a certain group of de- 
pression slides consistently produced a larger 
number of individuals than similar cultures 
in supposedly identical slides. Chance meas- 
urements showed that the former group of 
slides was slightly radioactive, while the other 
was not. The active slides were of Czecho- 
slovakian manufacture and had been pur- 
chased some 20 years ago. Rough measure- 
ments with a G.M. counter held over the 
slides indicated an activity some 20-30 counts 
per minute above background. The radiation 
was rather soft since only 0.040 in. of alu- 
minum was required to reduce the count to 
background value. These slides had never 
been used and were still in their original tissue 
paper wrappers. So far as we know there had 
been no opportunity for accidental contamina- 
tion of the slides with radioactive material 
and, furthermore, neither the wrappers nor a 
water detergent mixture used to wash the 
slides showed any activity. The inactive 
slides were new and of recent American man- 
ufacture. Both sets were approximately 75 
x 25 mm with depressions 3 mm deep and 15 
mm in diameter. 

The following observations indicate the de- 
gree of differences observed: 1) Five single 
cell cultures were established in each type of 
slide using comparable amounts of food and 
media (lettuce extract). At the end of 24 
hours there were 5 paramecia in the inactive 
slides and 10 in the active ones. 2) Ten iso- 
lation cultures were prepared in each type of 
slide. No transfers were made for 6 days. At 
the end of this time the active slides had a 
total population of 2459 paramecia and the 
inactive slides a total of 1859. 3) Again, 5 
cultures in each type of slide were set up and 
daily examinations were made. A single in- 
dividual from each slide was transferred to a 


clean slide of the same type each day, with 
new media and food. At the end of 7 days the 
active slides contained 85 paramecia and 
the inactive 61. There had been two deaths 
in the active slides and 7 in the inactive. 
4) Nine cultures in each type of slide were 
established and allowed to run for 6 days. At 
the end of this time there were 238 and 156 
paramecia in the active and inactive slides, 
respectively. The data from the experiments 
conducted in the radioactive slides are not 
conclusive because the differences may not be 
due entirely to the radioactivity of these 
slides. It may be that the glass liberates into 
the solution some substance which of itself is 
stimulating to growth, or such soluble ma- 
terials may favorably alter the medium. We 
feel, however, that the difference observed in 
4 experiments of 3 different patterns is more 
than a fortuitous coincidence. It is logical to 
infer from the above results that rather low 
concentrations of radiation may have contrib- 
uted to growth and division. In order to test 
this hypothesis under more controlled con- 
ditions a series of experiments using radio- 
sulfur (S 35) were undertaken. 

A clone of Paramecium caudatum growing 
in lettuce extract and fed Aerobacter aerogenes 
was used as a source of experimental ma- 
terial. Experimental and control cultures 
were set up on the same day from the same 
stock culture using the same solutions— ex- 
cept for the addition of the sulfur to one 
group. No particular attempt was made to 
choose stock cultures of the same age as a 
source of inoculum. A single paramecium was 
isolated into each of the depressions of a clear 
nonradioactive pyrex glass spot plate and the 
number of organisms living at the end of the 
experimental period was determined. At the 
time of starting the amount of food was ade- 
quate and roughly the same in each depression 
of both series. Each depression is considered 
as one culture. Experimental and control 
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TABLE I. Influence on Population of Radiation 
from Radioactive Sulfur, 13 Experiments. _ 


Avg No. of cul- 
No. of para- tures (same 
Radiation mecia/culture in exp. and 
/hr (rep) Exp. Control control) (ES) 
3.13 158.8 96.1 9 OL 
3.13 154.0 91.5 9 01 
3.13 155 96 9 01 
3.13 36.6 $) 36 Ait 
Sul 11.2 6.9 36 02 
3.13 11.0 3 36 UL 
L555 152.8 81.4 9 01 
aS 151.4 83 9 02 
1.55 152 78 9 01 
ale 133 110 9 02 
ali 110 62 S)eare .05 
08 91 105 9 4 
.38 106 119.4 9 6 


cultures were kept in the same moist cham- 
ber. Room temperature varied about 5°C 
during the course of any one experiment. The 
experiments were done at various times over 
a period of several months. The radioactive 
sulfur was secured from Oak Ridge, in the 
form of labeled, carrier-free sulfuric acid in 
0.1 N hydrochloric acid and had, when re- 
ceived, an activity of 12.6 millicuries per ml. 
Neutralization was done with NaOH and 
where necessary, because of high concentra- 
tion, the Na content of experimental and con- 
trol solutions was equalized. The concentra- 
tion of sulfate as used for experimental solu- 
tions was so low (0.0005 mg/ml) that it was 
not considered necessary to equalize the 
amount in the 2 groups of cultures. The de- 
sired amount of radiation was secured by 
dilution, correction being made for the decay 
of sulfur activity. The radiation from S 35 
is pure beta having an average energy of 0.055 
Mev. There may be a small amount, of the 
order of a few microcuries per milliliter, of 
contaminating P 32 in the material as re- 
ceived from Oak Ridge. Calculation of the 
energy absorbed in the medium has been 
made using the S 35 beta energy and the 
measured number of disintegrations per sec- 
ond per milliliter of solution as used in the 
cultures. 

The data from the experiments with S 35 
are shown in Table I. The data show that 
the number of organisms developing in the 
sulfur solutions, containing between 1.5 and 
3.1 rep per hour of beta activity, was signifi- 
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cantly greater than in control solutions* It is 
not safe to compare the actual numbers of 
paramecia produced in experiments done at 
different times or to consider that’controls are 
indiscriminately applicable. This is espe- 
cially well shown in experiments 4, 5, and 6 
(3.13 rep/hr) in which conditions were ob- 
viously much less favorable for growth and 
development than in the first experiment. 
The data also indicate a loss of stimulation at 
dose rates of about 0.77 rep and below. 


The sulfur experiments indicate quite 
clearly that relatively low doses of radiation 
over an extended period of time favor the 
growth and division of paramecium. Calcu- 
lation shows that the energy liberated in the 
solution containing the greatest concentration 
of sulfur is equal to approximately 3.13 rep 
per hour or for the entire experimental period, 
6 days, a total of 450 rep. 


The stimulating effect of a relatively small 
total dose of beta particles given at a very 
low dose rate could not be reproduced by an 
equivalent amount of soft X-rays (48 KV, 
50 ma) given in one dose requiring about 3 
minutes for delivery. Four hundred fifty 
roentgens of X-ray were given to culture 
media, water used for diluting media, and to 
the paramecia. Several combinations of ir- 
radiated and unirradiated fluid and cells were 
tried, using a total of about 200 paramecia. 


*JIn interpreting these differences it is necessary to 
bear in mind that small or moderate differences in 
rate of growth may result in very large differences in 
number of animals. If no animals die, and if 
we denote the final number of X-irradiated animals 
by N,, the final number of control animals by Nz, 
the initial number (the same for both groups) by 
No, the number of divisions for the irradiated 
animals by dr, for control animals by d- then 


Logs 


Thus the eine (to base 2) of the ratio of the 
final number of animals in the treated and control 
groups is equal to the difference in the number of 
divisions. Whenever Nr and N- differ significantly 
so will any function of them (dr and d-) differ sig- 
nificantly. The results are essentially the same 
whether the computation is performed on the total 
or separately for each culture. 
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TABLE II. Effect of 4 r or 8 r/Hr on Number of 
Paramecia Produced in 53 Hr.* 


Exp. 

No. 4r/hr Control 8 r/hr 

, 53 34 54 

a2 36 48 

59 37 5953 

41 Hh 45 

Motal/ 205) (PB =1<e05) 114 CP No 2100 

25 66 ; 39 59 

49 on 65 

65 38 on 

70 44 59 

2 Oe CBee (ill) all Sain er esl) ea) 

Se 13 9 13 

13 Hi 12 

1183 8 14 

9 8 a2 


48 (PLAS OLY 32. 20P =e <0 ed 


* Four plates of 9 depressions each (36 isolation 
cultures) in each group of each experiment. Fig- 
ures in body of table are number of paramecia per 
plate of cultures. Totals are for 4 plates. 


In no instance could we distinguish a differ- 
ence in population between experimental and 
control cultures. 

Since the single dose of X-rays produced no 
increase in growth and division we decided to 
try a very low dose rate for a relatively long 
time. A 200 KV machine operating at 0.3 
ma was used. By suitably adjusting the dis- 
tribution of the cultures in the radiation field 
it was possible to secure dose rates of 4 and 8 r 
per hour and to irradiate both groups simul- 
taneously. Controls were kept in the room 
in which the irradiations were made but were 
completely shielded by a lead box. Tem- 
perature of experimental and control cultures 
differed randomly by one or 2 degrees. 

Three experiments with low X-ray dose rate 
were made. Each experiment contained 36 
isolation cultures set up in 4 pyrex spot plates. 
All experiments covered an irradiation period 
of 53 hours. Results of these experiments are 
shown in Table II. There is a highly signifi- 
cant difference between the number of para- 
mecia produced in the irradiated and control 
cultures. Apparently conditions in one con- 
trol dish of Exp. 1 were not comparable with 
the other in the series. When this aberrant 
unit is included in the calculation P = <.05. 
If it is left out of consideration P = <.01. 


RADIATION AND REPRODUCTION IN PARAMECIUM 


In order to test whether or not the observed 
increased rate of growth and division of the 
irradiated cell was a permanent characteristic 
or a transient phenomenon the following ex- 
periment was made. Immediately after deter- 
mining the number of cells in control and ex- 
perimental cultures of Exp. 2, Table II, 18 
paramecia were chosen at random from each 
of the experimental and control groups and 
set up in isolation cultures. No further ir- 
radiation was given to any of the paramecia. 
The total number of paramecia in the 3 
groups at the end of 53 hours was: controls, 
186:°4 r/br,.220; 8 r7hr,226.. "There; is no. 
significant difference between these groups. 

In view of the results the likelihood of a 
mutation involving either nucleus or cyto- 
plasm or both is indeed remote. Mutation 
cannot be operative in this case unless one 
assumes a fortuitous selection of a group of 
animals showing a rapidly developing forward 
mutation and an equally rapid and very pre- 
cise back mutation. 

The data show clearly that under certain 
ill-defined but reproducible conditions cells 
capable of autonomous existence are stimu- 
lated to grow and divide by continuous ex- 
posure to very low dose rates of either cor- 
puscular or electromagnetic radiation of high 
energy. Experiments, carried out in the 
radioactive slides, where only a single indi- 
vidual was continuously exposed to the ir- 
radiation (Exp. 3) indicate strongly that the 
increase in population is not a response to 
alterations in the environment produced by 
products arising from injured cells of the 
Same species as those used as experimental 
material. Biological entities can show func- 
tional stimulation under conditions such that 
no tissue injury can contribute to the in- 
creased activity associated with the absorp- 
tion of high energy radiation by the reacting 
system. At the present time one can only 
speculate concerning the modes of action and 
sites of origin of the stimulant. An attractive 
and plausible hypothesis may be based on the 
production of free radicals by the absorbed 
energy and the stimulation by such radicals 
of metabolic activities. Low dose rates would 
produce radicals or other reaction products in 
amounts small enough to be stimulating while 
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high dose rates would lead to toxic concen- 
trations of the same or other substances. 


Summary. Beta radiation administered at 
a level of from 0.77 to 3.13 rep per hour and 
X-ray radiation given at 4 or 8 r per hour 
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stimulates reproduction in paramecium. The 
stimulation is not due to mutation since it 
disappears immediately on removal of the cell 
from the influence of the radiation. 
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Effect of Intravenous Administration of Paritol-C* on Serum Lipids of 


Hypercholesterolemic Rabbits.t 


(20451) 


J. C. ForBes anp O. M. PETTERSON. 


From the Department of Biochemistry, Medical College of Virginia, Richmond. 


Previous work in our laboratory showed 
that only a relatively small percentage of the 
cholesterol of lyophilized normal human or 
rabbit serum can be extracted by cold chloro- 
form even in 24 hours, while a large percent- 
age of the serum cholesterol of nephrotic pa- 
tients and hypercholesterolemic rabbits can 
be thus extracted(1). The fraction extracta- 
ble in a 3-hour period, which is usually prac- 
tically the same as extracted in 24 hours, has 
been called the “readily extractable” cho- 
lesterol. 

Gofman and associates(2,3) have shown 
that heparin administration causes a shift in 
the lipoproteins of high Sf values into those of 
successively lower ones in the serum of hyper- 
cholesterolemic rabbits and human subjects. 
Nikkila(4) obtained the same general effect. 
Injection of heparin also has been shown to 
suppress the rate of development of athero- 
sclerosis in cholesterol fed rabbits(3). Since 
the anticoagulant Paritol exerts the same gen- 
eral effect as heparin on blood coagulation and 
has been shown to affect serum lipoproteins 
(5), it was decided to determine if its admin- 
istration would favorably influence the con- 
centration of the “readily extractable” frac- 
tion and that of total cholesterol in hyper- 
cholesterolemic rabbits. 

Experimental. Male rabbits, weighing be- 
tween 4 and 5 lb except when otherwise 


* A polysulfuric acid ester of polyanhydroman- 


uronic acid kindly supplied by Wyeth, Inc., Phila- 
delphia. 

+ Presented at the annual meeting of the Virginia 
Academy of Science, May, 1953. 


stated, were put on a 0.5% cholesterol diet 
prepared as follows. Fifty g of cholesterol 
were dissolved in 100 ml of chloroform and 
added to 500 g of Wesson oil. After warming 
on a water bath until practically all of the 
cholesterol was again in solution, the whole 
was added to 9450 g of Rockland rabbit pel- 
lets and thoroughly mixed. The diet was 
ready for feeding after all the chloroform had 
evaporated. It was fed to all the animals 
throughout the whole experimental period. 
The Paritol was injected intravenously using 
a 5% solution. Blood for the analytical 
studies was obtained by nicking an ear vein 
after the ear had been warmed with a heat 
lamp. The analytical procedures employed 
have been described previously(1). 


In Exp. 1, after the animals were on the 
high cholesterol diet for about 12 weeks, the 
Paritol injections were begun. ‘The total 
cholesterol by this time had reached an aver- 
age of 1750 mg/100 ml of serum and the 
“readily extractable’ fraction constituted 
90% of the whole. The Paritol injections 
were given in amounts corresponding to 0.1 
ml of a 5% solution/Ib body weight. It will 
be seen from the results, which have been 
averaged in Table I, that the Paritol injec- 
tions caused a marked drop in all the fractions 
studied. This was true in each individual 
animal as well as in the average for the group. 
The percentage of the total cholesterol present 
in the ‘“‘readily extractable’ form tended to 
decrease as the total cholesterol decreased. 
This was very marked in all individual cases 
where the total cholesterol had dropped to 
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TABLE I. Effect of Intravenous Administration of Paritol-C on Serum Lipids of Hypercholesterolemi¢ 
Rabbits. 


Avg cone. of serum lipids—,__R.E. chol. 


Serum col- 
lection, to- 


Exp. No.of Hs R.E. N.F.+ as% T.  talelapsed 
No. animals chol. chol. chol. chol. time, days Remarks 
% % % High cholesterol diet 12 wk 
1 8* iS) 1.57 2,61 90 0 Control sera before Paritol 
1.09 80 1.58 3 3 Same animals, Paritol 2 days. 
Bled 24 hr after last inj. 
76 54 1.36 il 6 Same animals, Paritol 2 addition- » 
al inj. Bled 24 hr after last inj- 
High cholesterol diet 3 wk 
2 4° 1.46 1.30 2.65 90 0 Control sera before Paritol 
87 58 1.31 67 14 Same animals, Paritol 2 inj. a wk 
for 2 wk. Bled 72 hr after last 
care inj. 
y 76 64 at 84 28 Same after 3 inj. a wk for 2 more 
wk. Bled 48 hr after last inj. 
74 54 tay 3 42 Same after similar inj. for 2 more 
wk. Bled 48 hr after last inj. 
3 90 15 1.32 83 0 Pair-fed controls. No Paritol 
ial 1.08 2.00 82 14 Animals bled at same time as cor- 
1.76 1.67 2.88 95 28 responding Paritol inj. animals 
2.69 2.48 4.33 92 42 
High cholesterol diet 6 wk 
3 3” 2.29 PIB) 3.46 93 0 Control sera before Paritol 
1.18 1.14 2.00 97 5 Same animals, Paritol 2 days. 
Bled 72 hr after last inj. 
1.25 1.13 2.00 90 3 Same after 2 inj. alternate days. 
Bled 48 hr after last inj. 
87 62 1.30 at 14 Same after 2 more inj. alternate 
days. Bled 72 hr after last inj. 
.68 31 1.10 45 21 Same after 3 more inj. alternate 
days, then 2 inj. consecutive 
days. Bled 24 hr after last inj. 
69 30 1.05 43 26 Same after 4 more inj. consecu- 
tive days. Bled 48 hr after last 
inj. 
2 2.27 2.12 3.39 93 0 Pair-fed controls. No Paritol. 
1.82 1.83 3.52 100 5 Animals bled at same time as cor- 
1.54 1.36 2.24 88 9 responding Paritol inj. animals 
1.68 1.63 2.44 97 14 
Aba 1.43 2.35 91 21 
1.40 aes lys 2.02 83 26 


* Blood samples from Paritol-injected animals were obtained just before next injection. 


T. chol. = Total cholesterol. 
fat plus cholesterol. 


around 700 mg %. Actually no test animal 
in any experiment with a-total cholesterol 
below 600 mg % showed over 40% of the 
total cholesterol present in the “readily ex- 
tractable” form. 

In Exp. 2 the animals were on the high 
cholesterol diet for only 3 weeks when the 
Paritol injections were begun. Four of the 


R.E. chol. = Readily extractable cholesterol. 


N.F. + chol. = Neutral 


animals were given Paritol and 3 were kept as 
controls so as to show the effect of the diet 
alone on the lipid fractions under study. Each 
injected animal received 1 ml of the 5% 
Paritol solution at each injection. All ani- 
mals were fed throughout the whole experi- 
mental period, except for the first couple of 
days, 20 g of diet/lb of body weight as deter- 
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mined at the time of the first Paritol injec- 
tion. The injected animals ate very poorly 
for 2 days following the first Paritol injection, 
so the food intake of the controls was kept 
down to 10 g/lb of body weight during this 
period. Subsequent injections of the anti- 
coagulant did not affect the animals’ appetites 
in any way and all ate the full 20 g/lb of 
body weight, except on several occasions when 
a small amount was left, especially by the 
controls. It will be seen that the Paritol in- 
jections caused a drop of around 50% in the 
concentration of the various lipid fractions, 
while at the same time the concentrations of 
these fractions in the sera of the control ani- 
mals rose to a high level during the same 
period. In the control series (Table I, Exp. 
2) 2 of the animals were fairly resistant to the 
development of hypercholesterolemia as in- 
dicated by a considerably lower total choles- 
terol level at the time the Paritol injections 
were begun, but developed high values as the 
- experiment progressed. All animals gained 
between 1.25 and 1.5 lb in weight during the 
experimental period. The animals used in 
Exp. 3 were in the laboratory for several 
months before they were used and were con- 
siderably larger than those used in the other 
experiments. Their general appetite was 
considerably less than that of the animals 
used in Exp. 2. They were on the cholesterol 
diet for 6 weeks before the injections were 
begun and by this time the average total 
cholesterol was 2280 mg % of which the 
“readily extractable” fraction constituted over 
90%. Since the animals were not eating well, 
only 10 g of food/lb body weight was fed each 
day. The test animals always ate their food 
but one control often left some. This animal, 
however, in spite of its lower food consump- 
tion, consistently exhibited a higher serum 
cholesterol concentration than its accompany- 
ing control. The same general results were 
obtained in this experiment as in the previous 
ones. In this experiment, however, even the 
control animals showed a decided drop in the 
various fractions, but it was small compared 
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with that of the injected animals. The dif- 
ference in the response of the controls in this 
experiment and in Exp. 2 is undoubtedly due 
to the fact that their food consumption, and 
consequently cholesterol intake/Ib of body 
weight was only about 50% of that of the ani- 
mals in Exp. 2. 


When the data are examined as a whole, it 
will be seen that the changes in the neutral fat 
plus cholesterol tended to follow rather closely 
those of total cholesterol, a decrease or in- 
crease in one being usually accompanied by 
a roughly proportional change in the other. 
Since the neutral fat plus cholesterol frac- 
tion includes free cholesterol, ester cholesterol, 
and neutral fat the changes noted in this frac- 
tion are additional evidence in support of the 
observed changes in total cholesterol following 
the Paritol injections. 


Phospholipid phosphorus determinations 
were carried out on all sera and they were 
found to vary more or less with the total 
cholesterol. The anticoagulant Dicumarol 
was injected intravenously at a level of 50 
mg/day for 2 days into several animals with- 
out any effect on any of the lipid fractions 
being studied. 


Summary. The intravenous injection of 
Paritol-C into hypercholesterolemic rabbits 
has been shown to cause a marked drop in the 
“readily extractable” cholesterol fraction, as 
well as in total cholesterol. 
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Participation of Erythromycin and Carbomycin in Combined Antibiotic 


Action in vitro.* 


(20452) 


V. R. CoteMAN, J. B. GUNNISON, AND E. JAWETZ. 


From the Department of Microbiology, University of California School of Medicine, San Francisco. 


Recently two new antimicrobial agents, 
erythromycin and carbomycin, have appeared 
on the market(1,2). Early work on these 
drugs has indicated that their antimicrobial 
spectrum is very similar(3), that they give 
nearly complete cross-resistance(4), and that 
drug-resistant variants emerge quite rapidly 
from bacterial populations(3). It has been 


pointed out that simultaneous exposure of” 


bacterial populations to erythromycin and 
either penicillin or streptomycin greatly dim- 
inishes the frequency of such resistant var- 
iants(5). For this reason it appeared likely 
that these new drugs might often be used in 
combinations with other antimicrobial agents. 
It was of interest, therefore, to examine the 
behavior of erythromycin and carbomycin 
when combined with other drugs, particularly 
with regard to the occurrence of synergism or 
antagonism. 


Earlier reports from this laboratory have 
dealt with combined antibiotic action as mani- 
fested by the rate of bactericidal action(6-8). 
From the standpoint of bactericidal rate in 
vitro and in vivo the following scheme of com- 
bined antibiotic action has been proposed (9) : 
Antibiotics fall into 2 broad groups: I. peni- 
cillin, streptomycin, bacitracin, neomycin. 
II. aureomycin, chloramphenicol, terramycin. 
Members of Group I are often synergistic with 
one another, sometimes indifferent, never an- 
tagonistic. Members of Group II are neither 
synergistic nor antagonistic with one another 
but may show simple additive effects. A com- 
bination of Group I with a Group II anti- 
biotic may result in either indifference, syner- 
gism, or antagonism, depending in part on the 
manifest behavior of the microorganism to- 
ward the individual drugs. This scheme has 
proved useful in planning experiments and 


* Supported in part by grants from the National 
Institutes of Health, U. S. Public Health Service, 
and the Research Committee of the University of 
California School of Medicine. 


may find application in combined antibiotic 
therapy in clinical medicine. Hence it seemed 
advisable to establish the position of the new 
antibiotics in this tentative scheme. 

Materials and methods. The test organ- 
isms included Klebsiella pneumoniae (A-D), 
Micrococcus pyogenes var. aureus (Heatley), 
and Streptococcus fecalis (No. 16), all of 
which had been used in establishing the 
original division of the antibiotics into 2 
groups(7). In addition, 3 strains of M. pyo- 
genes var. aureus (Co, Da, and Sh) recently 
isolated from patients were tested. Commer- 
cial preparations of crystalline sodium peni- 
cillin G, streptomycin sulfate, and bacitracin 
were used.. Terramycin hydrochloride was 
obtained from Dr. G. L. Hobby, chloram- 
phenicol from Dr. G. Rieveschl, erythromycin 
from Dr. L. E. Josselyn, and carbomycin 
from Dr. Frederick C. Fink. The drugs were 
dissolved in 0.85% sodium chloride and final 
dilutions were made in broth immediately be- 
fore use. Proteose No. 3 broth containing 
the diluted antibiotics was inoculated with an 
18-hour broth culture of the test bacteria to 
give a concentration of 10% to 10° organisms 
per ml in a total volume of 15 ml. Samples of 
0.5 ml were removed at intervals during in- 
cubation at 37°C and the number of viable 
bacteria was estimated by plate counts on 
Proteose No. 3 agar (Difco). Details of the 
method and its interpretation have been de- 
scribed(10). 

Results. When acting alone, erythromycin 
and carbomycin behaved in a similar manner 
except that a larger dose of the latter was 
often required for an antibacterial effect. 
Both drugs in adequate doses exerted a bac- 
tericidal effect during the first 24 hours of 
action but some bacteria usually survived and 
subsequently multiplied. 

When bacteriostatic or slowly bactericidal 
doses of either erythromycin or carbomycin 
were combined with a rapidly bactericidal 
dose of penicillin, these new drugs sometimes 
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TABLE I. In Vitro Action of Erythromycin and Carbomycin with Penicillin, Streptomycin, or Bacitra- 
cin, Estimated by Plate Counts of Viable Bacteria. 


Drug and amt (ng/ml) 


No. of viable bacteria/ml 


——— Hr after inoculation———\ . Combined 


Test organism (bacitracin in units/ml) 0 7 24 32-48 effect 
Micrococcus pyogenes var. None ) SEU? VES Cale SCO) 10° 
aureus (Heatley) Penicillin .3 2X 104 10* 10+ 
Erythromycin 2.0 PSEA es OIE (GS ILI 
Pen .3 + erythro 2.0 2x 10° 3x 10* 5X 10% Antagonism 
Carbomycin 2.0 By AMES SST STINE 
Pen .3 + carbo 2.0 Bk NG? PONS Oa 5) SA 2 
Klebsiella pneumoniae A-D None 10° A NO Or Oe 108 
Penicillin 6.0 4x 104 10+ 3><-10# 
Erythromycin 10.0 (6 < BIO Sse lO 108 
Pen 6.0 + erythro 10.0 5X 10° 2x 10% 8 & 10? Antagonism 
Streptomycin 5.0 as GINO 2F GSC ak 108 
Strepto 5.0 + erythro 10.0 4x 10? 10? 10? Synergism* 
Micrococcus pyogenes var. None Be LOT LORS Oo SOE 10° 
aureus (Co) Bacitracin 1.0 Op GOs Deal Ose Sep <aall02 
Carbomycin 1.0 NSO GSC ee Oe 
Baci 1.0 + carbo 1.0 De xeLOl= 202 10? Synergism* 
Micrococcus pyogenes var. None SMES BS Se AOE SC AOE 10° 
aureus (Sh) Bacitracin 10.0 DX LOS 4K 10% 4K 10" 
Erythromycin .2 Soule eo Sen ele 
Baci 5.0 + erythro .2 a x< 10° 10? 4 > 10! Synergism* 


* Synergism denotes a bactericidal effect greater than that obtained 


trations of each single drug, used alone. 


with 2-5 times larger concen- 


TABLE II. Combined Jn Vitro Action of Erythromycin and Carbomycin with Penicillin or 
Bacitracin. 


f= 


Test organisms 


; : 
EK. pneumoniae 


Antibiotic MM. pyogenes var. aureus strain——, strain S. fecalis strain 
combination Da Sh Co A-D #16 
IP ae at Antag. Indiff. Indiff. Antag. Antag. 
P + 1D; ” ” ? ” ”? 
P + C ” ” ” ” ” 
S + H Indiff Synerg. 
S+C Addit Addit. 
Bie Synerg. Addit Synerg. i 
B+E Indiff. 4 ee ie 
B+C Ks a Synerg. 


Indifference = effect equal to that of the more active drug alone. 
than that of the more active drug alone. Addition = simple algebraic summation. 
effect greater than simple algebraic summation of single drug effects. 
E = erythromycin; 


P=penicilin; B= bacitracin; 


S = streptomycin. 
reduced the bactericidal rate of the penicillin. 
Both erythromycin and carbomycin interfered 
with the bactericidal effect of penicillin acting 
on the test strains of K. pneumoniae, S. fe- 
calis, and M. pyogenes var. aureus (Heatley) 
(Tables I and II). This antagonism was 
similar to that previously shown for chlor- 
amphenicol, aureomycin, and _ terramycin 
using the same test organisms(8,10,11). On 
the other hand, against M. pyogenes var. 
aureus (Sh and Co), erythromycin was syner- 
gistic with the Group I drug, bacitracin. 


Antagonism = effect less 
Synergism = 
Blank = not tested. 


C=carbomycin; T= terramycin; 


Combinations of bacteriostatic doses of the 
new drugs with bacteriostatic doses of Group 
I drugs often showed an additive effect. A 
similar relationship has been established for 
bacteriostatic amounts of Group I with Group 
II drugs(8). Hence, erythromycin and car- 
bomycin behaved in a manner resembling 
Group II antibiotics (Table II). 
Combinations of erythromycin with carbo- 
mycin had only negligible additive effects. 
Mixtures of either chloramphenicol or terra- 
mycin with these new agents resulted in a 
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combined effect no greater than that obtained 
by increasing proportionately the dose of 
either drug used singly. In this regard also 
erythromycin and carbomycin behaved like 
members of Group II. 

Antibiotics of Group II are, to some extent, 
interchangeable in combinations. Erythromy- 
cin or carbomycin, however, could not always 
replace terramycin or aureomycin. For ex- 
ample, when tested against M. pyogenes var. 
aureus (H) bacitracin and terramycin were 
synergistic(7) but neither erythromycin nor 
carbomycin showed this effect when combined 
with bacitracin. Using another strain of 
M. pyogenes var. aureus (Sh), it was shown 
that erythromycin and bacitracin were syner- 
gistic over a wide range of concentrations in- 
cluding bactericidal doses of bacitracin. 
Against a third strain of this organism (Da), 
bacteriostatic doses of bacitracin were addi- 
tive when combined with the new drugs 
(Table I). As with other Group II anti- 
biotics, the behavior of erythromycin and car- 
bomycin in combination with Group I drugs 
was unpredictable and seemed to depend, at 
least in part, upon the sensitivity of the test 
bacteria to the Group I drug. The available 
evidence therefore placed erythromycin and 
carbomycin into Group II of the above 
scheme. A paper by Rantz and Randall(12) 
published while this work was in progress like- 
wise places erythromycin into Group II. Ex- 
periments are in progress to confirm this 7m 
vitro classification by results of treatment of 
experimental infections. 


There are two principal reasons for the 
clinical simultaneous use of 2 antimicrobial 
drugs in treating an infection due to a single 
microbial species(6,13): a) One antimicrobial 
drug delays the emergence of variants re- 
sistant to the other drug. b) The bactericidal 
rate or bacteriostatic effect of the drug mix- 
ture is far greater than that of either drug 
alone in comparable concentration. It had al- 
ready been shown that the addition of Group 
I drugs to erythromycin or carbomycin delays 
the emergence of resistant variants which tend 
to shorten greatly the useful length of drug 
administration(5). The work presented here 
classifies erythromycin and carbomycin with 
other Group II agents and indicates that on 
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occasions striking synergism with Group I 
drugs may be encountered. Using a survey 
technic to be reported later, both erythromy- 
cin and carbomycin showed some form of 
positive summation of action in combination 
with Group I drugs against 11 strains of re- 
cently isolated M. pyogenes. The antagonism 
between these agents and Group I antibiotics, 
as with other Group II drugs, is probably of 
limited clinical significance for reasons de- 
scribed elsewhere(6). Therefore, it appears 
that use of erythromycin and carbomycin in 
combination with other antimicrobial agents 
deserves consideration. 


Summary. With respect to their behavior 
in combinations with other antibiotics, as 
measured by bactericidal rate in vitro, eryth- 
romycin and carbomycin fall in a group with 
aureomycin, chloramphenicol and terramycin. 
The classification of these agents in a tenta- 
tive scheme of combined antibiotic action is 
discussed in terms of laboratory tests and clin- 
ical application. 
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An Antineoplastic Factor in Spleens of Mice Previously Inoculated with 


Methylcholanthrene. 


(20453) 


Morris Pottarp AND Rosert H. Busse tt. 
From the University of Texas Medical Branch, Galveston. 


When carcinogenic compounds are applied 
to, inoculated into, or fed to rodents, the host 
may eventually develop a tumor either at the 
site of the exposure or, selectively, in such 
organ as the liver. The wide variety of such 
compounds has been well catalogued by 
Hartwell(1), but the mechanism of this re- 
sponse has not been clearly defined. Some 
compounds induce tumors more rapidly than 
others (e.g. methylcholanthrene vs. 1,2,5,6- 
dibenzanthracene), but all require relatively 
prolonged exposure to the host’s tissues before 
a neoplasm appears. 


It was observed in this laboratory(2) that 
when a carcinogenically-induced transmissi- 
ble tumor involuted, the recovered host was 
refractory to reinoculation with the same 
‘tumor. This “immunity” was recorded by 
Jensen(3), Ehrlich(4), and more recently by 
Mazwell and Aptekan(5). In our study the 
“Immune” phenomenon was associated with 
tissue cultures of growing splenic tissue. 
Using a similar tissue culture technic, involv- 
ing two types of tissue per tube, the response 
of the mouse to methylcholanthrene inocula- 
tion was studied. Tumor and spleen tissues 
were grown simultaneously in the same tube, 
and observations were made on the effect of 
the spleen issue on tumor tissue. 


Methods. All of the C3H mice used in this 
study were purchased from the Jackson 
Memorial Laboratory, Bar Harbor, Maine. 
Groups: of mice were inoculated subcutane- 
ously .with 0.5 mg of 20-methylcholanthrene* 
in REN oil. Fibrosarcomas appeared at 
the point of inoculation by the 45th day and 
such. tumors continued to appear in the rest 
during the 2 months following. The tumors 
and spleens from these mice were used for 
the study described below. Groups of 15 mice 
were each inoculated subcutaneously with 0.5 
mg of 20-methylcholanthrene,* 0.5 mg_ of 
3,4-benzpyrene,* 0.5 mg of 1,2,5,6-dibenzan- 
thracene,* and with phenanthrene. All of 


* Eastman Kodak Co. 


these compounds were suspended in cooking 
oil. Cooking oil alone was aiso inoculated 
into a group of mice. At weekly intervals 
thereafter, 3-4 mice from each group were 
sacrificed and their spleens were studied for 
their destructive capacity on the methylcho- 
lanthrene-induced tumors referred to above. 
Each experiment was repeated at least 3 
times, and the 2-week studies were repeated 
7 times. The tumor and spleen tissues were 
individually minced with scissors and the 
fragments’ (ca. 1.0 mm in diameter) were 
washed 3 times in Hank’s solution. Three 
or 4 pieces of tumor were explanted in plasma 
on one wall of a tube and to the opposite side 
about 3-4 times as many spleen particles were 
explanted. Each minced spleen was divided 
among 3-4 tubes. After the addition of one 
ml nutrient fluid,t the tubes were stoppered 
and rotated 6 times per hour at 35°C. Tubes 
with tumor alone, spleen alone, and tumor 
plus “normal” spleen were also simultaneously 
studied. In evaluating the significance of the 
various combinations of tissues, it was felt 
that in all instances the spleen tissues must 
show evidence of growth in order that the 
growth characteristics of the tumor tissue be 


significant. Furthermore, the tumor and 
spleen tissues alone must. show good growth 
properties. 


The magnified explants were photographed? 
through the wall of the tube thus ob- 
viating the need for disturbing the tis- 
sues. For simplicity, the spleen tissues are 
referred to as 1) homologous—from the 
mouse supplying the tumor, 2) methylcholan- 
threne—indicating the weeks from inocula- 
tion, 3) phenanthrene—indicating the weeks 
from inoculation, and 4) “normal’”—from a 
mouse that had not been inoculated. 

Results. Tumor explants grew profusely 


+t Ox serum ultrafiltrate, Hank’s solution, and chick 
embryo extract. 

t We gratefully acknowledge the kind assistance 
of Mr. F. W. Schmidt, Dept. of Medical Photography, 
University of Texas Medical Branch. 
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Tumor alone 


With spleen of methylcholan- 


With homologous spleen 


threne-inoculated mouse 
(1 wk previously) 
FIG. 1. Tissue cultures of methylcholanthrene-induced mouse tumor—four days. X38. 


+ normal C,H spleen 


+ C,H phenanthrene spleen 
(2 wk) 


¥ 
7, 


. : — 
+ C;H methylcholanthrene 
spleen (2 wk) 


FIG. 2, Tissue cultures of methylcholanthrene-induced mouse tumor—two days. X36. 


+ meth. spleen (2 wk) 
FIG. 3. Tissue cultures of methyleholanthrene-induced mouse tumor. 


alone, and in the presence of homologous and 
“normal” spleen tissues (Fig. 1). Within 24 
hours, fibroblasts grew out radially from the 
explant, with occasional areas of liquefaction 
within the growing “halo” of cells. Twelve 
tumors were grown with their homologous 
spleens and in no instance was any tumor 
suppressive effect detected. 

Tumor explants grew poorly and most of 


+ meth. spleen (3 wk) 


+ meth. spleen (4 wk) 


x30. 


them died when explanted in the same tube 
with spleen tissues from mice inoculated with 
methylcholanthrene one and 2 weeks pre- 
viously (Fig. 1 and 2). This reaction was 
demonstrable in 6 of 8 experiments. The 
antineoplastic (AN) effect was less marked 
at 3 weeks after inoculation and thereafter 
the tumor growth resembled that which grew 
with homologous spleen (Fig. 3). The an- 
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tineoplastic effect appeared on the first day 
after explantation and appeared complete 
during the next 2 days. Under these condi- 
tions, most of the tumor explants failed to 
grow, or grew sparsely, were disintegrated and 
dead within the next 2 days. The mice sup- 
plying the spleens at 1-4 weeks after inocula- 
tion showed local evidence of the oily inocu- 
lum but no visible trace of neoplasm. 

Tumor explants grew profusely in the same 
tube with phenanthrene spleens (Fig. 2), as 
well as with spleens from mice previously in- 
oculated with benzpyrene and with 1,2,5,6- 
dibenzanthracene. Their growth pattern did 
not differ from those growing with “normal” 
and with homologous spleens. The growth of 
splenic tissue explants followed a pattern of 
cell migration within 24 hours of explanta- 
tion. Within the next 2 days, fibrocytes and 
large lymphoid cells appeared at the periph- 
ery of the explant. Those spleen explants 
which exerted a tumor antagonistic effect were 
_ surrounded by the lymphoid cells, whereas 
the others exhibited a fibroblastic outgrowth. 

Discussion. The A N phenomenon de- 
scribed above has not yet been associated with 
a soluble antibody; however, we shall refer to 
it as an “immune” reaction until evidence 
warrants a change. This transient phenome- 
non has manifested some degree of chemical 
specificity: phenanthrene and cooking oil in- 
jections alone did not induce the A N effect on 
methylcholanthrene-induced tumors, nor did 
3,4-benzpyrene and 1,2,5,6-dibenzanthracene. 
The A N reaction was not uniform with all 
mice receiving methylcholanthrene. Absence 
of the A N reaction might be attributable to 
1) an inhomogeneity among the animals used, 
2) multiple influences of methylcholanthrene, 
3) a delayed A N response, or 4) an A N 
period which disappears before one week. Ex- 
ploratory tests for the latter proposal have 
indicated that the A N factor does not appear 
in the spleens of inoculated animals in less 
than 6 days. 

The 3-week period of A N response might 
coincide with the latent period of carcino- 
genesis in the host. Since carcinogenic agents 
vary in this property, some of the slower 
acting agents should be studied with the 
technic described above, to see if the A N 
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period is prolonged. 

The mechanism of the A N reaction may 
simulate the “immunological paralysis” de- 
scribed by Felton and Ottinger(6). When 
they inoculated massive doses of pneumococ- 
cus polysaccharide into mice, the immunogenic 
mechanism failed. Strong’s statement(7) that 
“all carcinogens are mutagens” may be per- 
tinent to this A N process: if a somatic muta- 
tion induces a new antigenic specificity in 
tissues, then the antigenic burden thus im- 
posed through methylcholanthrene might 
eventually cause the protective mechanism of 
the host to fail. This may explain the ob- | 
served response of the host to methylcholan- 
threne, in which the host’s spleen tissues man- 
ifested chronologically an initial destructive 
effect then a tolerant effect on tumor tissue 
to which it was exposed. 

Summary. C3H mice were inoculated sub- 
cutaneously with 0.5 mg of 20-methylcholan- 
threne. At weekly intervals thereafter, 
spleens were examined from groups of mice 
for growth effect on methylcholanthrene-in- 
duced tumors. By growing spleen and tumor 
explants in the same tube, a tumor-destructive 
effect could be demonstrated in spleens for as 
long as 3 weeks after inoculation. Thereafter, 
this effect could not be detected. The tumor- 
destructive effect could not be demonstrated 
with “normal” spleens, nor with the spleens 
from the mice supplying the tumor tissue. 
This reaction could not be induced with 
phenanthrene, 3,4-benzpyrene, 1,2,5,6-diben- 
zanthracene, and the cooking oil in which 
these compounds were dissolved. 
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Influence of Nitrogen Intake on Nitrogen-Retaining Action of Testosterone 


Propionate. 


(20454) 


PRESTON L, PERLMAN AND JAMEs W. CASSIDY. 
From the Biological Research Laboratories, Schering Corp., Bloomfield, N. J. 


With the discovery(1) that androgens in- 
duce nitrogen retention in the castrate dog, 
much effort has been expended in elucidating 
the nature of the response and the factors 
regulating it. Our interest in the problem was 
stimulated by the fact that only fragmentary 
information was available regarding the in- 
fluence of nutritional status and, particularly, 
nitrogen plane on the degree of response to 
testosterone. Kochakian and Van Der Mark 
(2) have recently confirmed and extended 
their earlier findings that “once an adequate 
protein intake is provided a further increase 
in the protein (intake) of the rat . . . does 
not enhance the overall protein anabolic activ- 
ity of testosterone.” Earlier, Albright and his 
associates(3) expressed the view that the ab- 
solute influence of androgen on urinary nitro- 
gen should diminish as the protein consump- 
tion declines, and Kenyon and Knowlton(4) 
had indeed demonstrated such a tendency in a 
study on the normal, human adult. 

It appeared important, therefore, to deter- 
mine the response when the level of nitrogen 
intake was reduced to the minimal main- 
tenance requirement. At this low level of 
nitrogen intake, it should also be possible to 
determine whether or not testosterone func- 
tions by “facilitating”, i.e., making more 
efficient, the utilization of nitrogen, an hy- 
pothesis that we have considered as one pos- 
sible explanation of the mechanism of action. 

Methods. The 2 dogs used were pedigreed, 
adult, male beagles that had been castrated 
approximately one year prior to use in this 
study. Each dog was housed in an individual 
metabolism cage throughout the entire inves- 
tigation. The animals were fed daily at the 
same time; the composition of the iso-caloric, 
high nitrogen and low nitrogen diets are given 
in Table I. The nitrogen contents of the 
diets were determined at frequent intervals 
by Kjeldahl analyses. Urines were collected 
under toluene and the nitrogen content deter- 
mined daily using a micro-Kjeldahl distilla- 


TABLE I. Composition of Diets* (g %). 


A B 
Casein 23.5 11.8 
Sucrose 53.0 65.0 
Lard 18.5 18.2 
Wesson’s salts 2.0 2.0 
Agar 3.0 3.0 
Cal/kg b.wt provided 70 70 
g N/kg b.wt provided 0.45 0.2 


* Each animal received one high potency multi- 


vitamin capsule per day. 


tion procedure. Fecal nitrogen was not done 
routinely but was determined at frequent 
times during the course of the study. The re- 
sults were sufficiently close to 10% of the 
dietary intake to justify the use of this figure 
for computing the fecal N contribution to the 
daily total N excretion. The average N ex- 
cretion (urine plus calculated fecal) for 3 
consecutive days constituted one collection 
period. Testosterone propionate (25 mg/ml 
in sesame oil) was injected, intramuscularly, 
for the periods indicated in Fig. 1. The low 
nitrogen diet (0.20 g N/kg b.wt.) was se- 
lected experimentally and was at a level for 
Dog VII, which would just maintain this ani- 
mal in nitrogen equilibrium. Below this in- 
take positive nitrogen could not be obtained. 
For Dog V, this N-level produced a slightly 
negative balance. 


Results and discussion. The results of 
these experiments are presented in Fig. 1. 
It will be noted that both animals exhibited a 
significant nitrogen retention following the 
first administration (interval II) of testoster- 
one propionate. The response persisted into 
the post-injection interval (interval IIT) 
which is in confirmation of the observations 
of Thorn and Engel(5). It is of interest that 
no significant nitrogen “rebound” was ob- 
served in any of the trials. When the animals 
were again subjected to testosterone propio- 
nate treatment (interval V), Dog VII exhib- 
ited a clear-cut nitrogen retention but the re- 


‘sponse of Dog V was not manifested until the | 
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. Nitrogen retaining activity of testosterone propionate at two different levels of nitro- 


gem intake in castrate dogs. 


post-injection interval (interval VI). 

The animals were next equilibrated on a 
low nitrogen intake (0.20 g N/kg/day) and 
when stabilized on the diet, testosterone pro- 
pionate treatment was begun (interval VIII). 
No significant nitrogen retention occurred. 
In fact, it would appear that in Dog V, a more 
negative balance was obtained. The signifi- 
cance of this response is not clear but in cer- 
tain experiments (unpublished) in this lab- 
oratory with rats on a minimal nitrogen in- 
take. the occurrence of a strongly-negative 
nitrogen balance during treatment with tes- 
tosterone propionate was also observed. 

These data clearly demonstrate that in the 
region of the minimal, nitrogen-maintenance 
requirement, the nitrogen-retaining activity of 
testosterone propionate is absent. These re- 
sults also make it improbable that testosterone 
acts by “facilitating” the utilization of dietary 
nitrogen. That the data presented may have 
certain clinical or therapeutic implications 
would appear obvious particularly when it is 
realized that individuals with very low nitro- 
gen intakes may be in perfect balance. 


Hence, the mere presence of nitrogen equi- 
librium is not adequate in itself to assure a 
response to testosterone. A knowledge of the 
protein or other stores may be of more im- 
portance in determining whether or not a 
nitrogen retention can result from testosterone 
treatment. 

Summary. The nitrogen-retaining activity 
of testosterone propionate in the castrate, 
male dog is manifested when the animal is 
maintained at levels above the minimal-main- 
tenance nitrogen level of intake. At the min- 
imal level of nitrogen, no nitrogen retention 
could be induced. 
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It has been demonstrated that some viruses 
possess oncolytic activity against certain tu- 
mors(1-3). The basis for these viral anti- 
tumor effects is still unknown. In some in- 
stances, it appears to be a direct effect analo- 
gous to that which occurs in nontumor cells 
when a virus manifests its usual pathogenic 
effects. It is also possible that if the tumor 
process is the result of the reaction of a cell 
to a specific tumor agent, some of the effects 
observed may be due to the interference of 
one virus with the action of another. 

The work done in the past on this problem 
has been concerned with how a particular 
virus affects a tumor. The present investiga- 
tion considers the effect of a growing tumor 
on the toxicity of a virus to the host organism. 

Experimental. Embryonated eggs bearing 
tumors implanted by the yolk sac method and 
viruses adapted to egg cultivation were used 
in these studies. Tests were made with a 
C3;H mouse mammary adenocarcinoma, dba 
mouse mammary adenocarcinoma and a rat 
sarcoma. These tumors have been described 
elsewhere(4). Vaccinia was the principal 
virus utilized in the experiments, but tests 
were also made with Lee strain influenza. 
Seed viruses for the strains were obtained 
originally from Dr. McLean of Parke, Davis 
& Co. The eggs were implanted with tumor 
tissue on about the 4th day of incubation(5). 
The virus was introduced into the yolk sac on 
the 9th or 10th day, at which time the tumor 
tissue was well established but very small 
(0.02 g). At the conclusion of the tests the 
yolk sac tumors averaged 0.6 to 1.2 g. Vac- 
cinia and influenza were used at concentra- 
tions which caused the death of the embryo 
in 4 and 3 days, respectively, in nontumor- 
bearing eggs. The tumor-bearing eggs were 
divided into 2 groups, one of which received 
injections of HO into the yolk sac, while the 
other group was injected in the same way with 
the virus suspension. A third group, which 
consisted of nontumor-bearing eggs at the 


same stage of incubation, were injected with 
the virus suspension. The nontumor-bearing 
virus inoculated eggs served as the control for 
virus toxicity, and the H2O injected tumor- 
bearing eggs served as the control for embryo 
mortality due to tumor growth. In the work 
with vaccinia, 3 experiments involving 249 
eggs were completed with the C;H mammary 
tumor, 2 experiments including 113 eggs with 
the rat sarcoma, and 4 experiments utilizing 
253 eggs with the dba mammary tumor. The 
same tumors were used in experiments with 
influenza but since the results were negative, 
no further details are necessary. 

Results and discussion. ‘The results of the 
tests with vaccinia and the various tumors are 
contained in Table I and Fig. 1, 2, and 3. It 
will be noted that embryos supporting im- 
plants of the dba mammary tumors (Table I 
and Fig. 1) were protected against the usual 
toxic effect of the virus. Tumor growth was 
not appreciably affected. 

Allantoic fluid of the embryos of the 
tumor-bearing eggs which survived vaccinia 
inoculation contained live virus. Extracts 
made from these eggs had the same virus con- 
centration as those made up from the non- 
tumor eggs which died in the usual 3-4 day 
period. 


It will be observed in Table I and Fig. 2. 


that the C;H mammary tumor gave only a 
slight extension to the life of the embryo, 
while the rat sarcoma (Table I and Fig. 3) 
was ineffective. The C3;H tumor grew more 
rapidly than the dba and for that reason was 
more toxic to the embryo. It may be that this 
accounts for the difference in the action of the 
2 mammary tumors. The rat sarcoma, how- 
ever, grew more slowly than either of the 
other two and was particularly nontoxic, so 
that many of the embryos of eggs inoculated 
with this tumor survived to hatching time. 
The yolk sac implanted tumor is so situated 
that embryo and tumor grow together sharing 
a common blood stream but otherwise not in- 
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Previous research with the dba mammary 
tumor used in this study has provided both 
direct and indirect evidence for the tumor 
agent or virus concept of tumor etiology (6-9). 
It is suggested that the present results con- 
tribute to the same hypothesis. The protec- 
tion afforded the embryo against vaccinia by 
the implanted tumor could have been due to 
the well-known blocking effect which one virus 
may have on another. 

Summary. 1. Yolk sac implants of a dba 
mouse mammary tumor protected the host 
embryos against vaccinia virus. A dosage of 
the virus which killed embryos of nontumor- 
bearing eggs in 3-4 days gave no evidence of 
toxicity in the embryos bearing the dba tumor 
7 days after inoculation. Tests demonstrated 
that the virus was present in the fluids of 
these embryos. 2. Comparable tests with 
eggs bearing a C;H mammary tumor indicated 
the embryos were only slightly protected 
against the virus, and yolk sac implants of a 


_ Effect of Fatigue on Susceptibility of Mice to Poliomyelitis. 


FATIGUE AND SUSCEPTIBILITY TO POLIOMYELITIS 


rat sarcoma gave negative results in this re- 
spect. 3. None of the 3 tumors affected the 
toxicity of a strain of influenza. 4. It is sug- 
gested that the dba tumor’s protective effect 
on the embryos was due to the neutralization 
of the vaccinia virus by the tumor agent. 
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It is often observed that the paralysis of 
poliomyelitis is preceded by a period of ex- 
hausting physical exercise and the belief is 
prevalent that fatigue increases susceptibility 
to paralysis in persons already infected. 
Statistical studies(1-6) tend to confirm these 
clinical impressions but can be accepted only 
with reservations. For example, the use of 
non-paralytic cases for control(4) is subject 
to considerable error because of the difficulty 
in making an accurate clinical diagnosis in the 
absence of paralysis(7). Variables inherent 
in estimation of the degree of paralysis make 
judgment difficult on this basis alone(1-3). 
In one series, fatigue was associated with an 
increased incidence of paralysis in adults, but 
no significant differencé was found in chil- 


* Aided by a Fellowship from the National Foun- 
dation for Infantile Paralysis. 


dren(5). The association of increased paraly- 
sis with the distance of transportation of pa- 
tients(6) may be due to other factors than 
fatigue. 

To our knowledge, there has been only one 
previous report concerning the susceptibility 
of fatigued animals to experimental poliomye- 
litis(8). In these experiments, fatigue was 
induced in monkeys by forcing the animals to 
swim until exhausted. However, under these 
conditions it was difficult to distinguish be- 
tween the effects of fatigue and chilling and 
use of monkeys limited the numbers of ani- 
mals in each experiment. In our experiments, 
fatigue was induced by a technic that avoided 
immersion in water and the availability of 
mice permitted the use of relatively larger 
numbers of animals. 


Materials and methods. In the beginning, 


FATIGUE AND SUSCEPTIBILITY TO POLIOMYELITIS 


FIG. 1. Apparatus for inducing fatigue in mice. 
Dimensions of drum are 18 & 48 in. Corrugations 
are % in. wide. Ends of the drum are enclosed 
with plates of plexiglass 34 in. thick. Axle consists 
of a hollow tube of stainless steel with perfora- 
tions to allow escape of air. Inlet for air is through 
a movable adaptor at one end. The drum is friction 
driven by contact between the edge of one plexi- 
glass plate and a rubber stopper mounted on the 
drive shaft of a small motor. Rate of rotation is 
approximately 4 revolutions per min. 


there was much difficulty devising an appa- 
ratus suitable for the purpose of inducing 
fatigue in mice. After a number of trials, the 
apparatus illustrated in Fig. 1 was developed. 
A drum of corrugated stainless steel was 
closed at both ends by discs of plexiglass, 
mounted on an axle, and rotated by a motor. 
Mice within the drum were forced to walk or 
run constantly since it was impossible for 
them to hold to the corrugated steel. For ven- 
tilation, a stream of compressed air was intro- 
duced into the drum through perforations in 
the hollow stainless steel axle. By this tech- 
nic, mice could be exercised for many days 
at a constant rate and in such a way that there 
‘was no doubt of severe fatigue and yet the 
mice were not traumatized and did not die. 
After long periods of uninterrupted exercise, 
complete fatigue occurred and was recognized 
by the fact that the mice would roll in the 
drum instead of walking or running. In the 
experiments, the degree of fatigue was not al- 
lowed to reach this complete stage. The 
Lansing strain of poliomyelitis virust was 
used in all the experiments. In preparation 
of each stock suspension of virus, the spinal 


+ Kindly furnished by Dr. Jonas Salk. 
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cords and medullae of several mice showing 
paralysis were ground in a mortar with enough 
tryptose phosphate broth to make a 10% 
suspension. After centrifugation and culture 
for sterility, aliquots of the supernatant fluid 
were stored in a dry ice box and further dilu- 
tion in broth was carried out on each aliquot 
just before use. Intracerebral injection of 10- 
fold dilutions into mice gave 50% infectivity 
titers of 10+ to 10*+°. The mice were of a 
single strain (CF1, Carworth Farms) and all 
mice of each experiment were young females 
of the same shipment. 

In each experiment, the mice were divided | 
into 2 groups. Mice of one group were exer- 
cised for 7 hours in the fatigue apparatus and 
immediately thereafter were injected intra- 
cerebrally under ether anesthesia with 0.03 
ml of a dilution of viral suspension. Non- 
exercised mice in the other group serving as 
controls were injected at the same time with 
the same dilution of virus. Beginning the 
day after injection and continuing daily for 
a period of 14 days, the test groups of animals 
were exercised in the fatigue apparatus for a 
period of 8 hours. All animals were observed 
twice daily for paralysis over a period of 30 
days. Animals in exercised groups showing 
paralysis were removed from the apparatus 
and not subjected to further exercise. 
Nevertheless, all such animals died. Mice 
found dead less than 48 hours after inocula- 
tion were thought to have died of trauma and 
were not included in the results. Mice found 
dead more than 48 hours after inoculation 
were considered to have died of viral infection 
even though paralysis had not been observed. 
Statistical analysis was carried out by the y* 
method with a 4-fold table(9). In the ex- 
periments indicated, the Yates correction for 
small numbers was employed. 

Results. Seven experiments were done in 
which a total of 223 mice were subjected to 
exercise and 328 mice were kept as controls. 
Viral dilutions were 1:5000 or 1:10,000. The 
incidence of paralysis and the fatalities in 
these experiments is shown in Table I and 
Fig. 2. It can be seen that larger numbers of 


¢ Advice concerning the statistical method was 
kindly given by Dr. Goldine Glaser, statistician of 
the Department of Neuropsychiatry. 
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TABLE I. Effect of Exercise on Incidence and Incubation Period of Experimental Poliomyelitis in Mice. 
7 exp. 
—— Exercised Control a 
Mean time Mean time 
Dilution In- Para- of sur- In- Payra- of sur- Chi 
of virus jected lyzed Died* vival, days jected lyzed Died* vival, days squaret Ny 
1: 5000 ssl 28 28 ae es 20 26 1B.) 2.604 Ble 
des bency 29 22 22 13.4 33 15 15 16.3 5.95 .02 
a Le Ree 32 26 26 lars 5) 18 21 15.4 3.70 05 
Re 92 35 21 Om 20.2 Bo Io) 16 72 1.43 2 
He re 25 24 24 12.0 66 49 53 10.7 226% lb 
1:10000 oul 17 17 13.2 64 28 28 17.0 1.02 a3 
eb ee! 40 23 2B 18.1 60 23 27 18.5 1.50 2 
223 161 161 328 168 186 18.46 .02 


* Includes all paralyzed mice and sometimes a few more that died without paralysis being observed. 
+ Based on number of deaths 2 to 30 days after inj. 
+t Yates correction for small numbers was used in these experiments. 


exercised mice became paralyzed and died 
than did the control animals. The differences 
in each experiment were not great and, con- 
sidered individually, the results of 5 of the 7 
experiments were not within the range of sta- 
tistical significance. However, the results 
were consistent and the accumulated values of 
x” indicate that the observations as a whole 
are not likely to be due to chance. 

The mean survival times of mice dying 
within 30 days are also shown in Table I. 
Since the differences in survival times between 
exercised and control animals were not con- 
sidered significant, further details have not 
been recorded. 

Discussion, It is important to note in these 
experiments that the differences between test 
and control groups were consistent. The dif- 
ference, while small in the majority of the in- 
dividual experiments, was statistically signifi- 
cant when the observations were considered 
as a whole. We believe, therefore, that the 
results are valid and that the small differences 
observed reflect the true influence of fatigue 


FATALITY RATE IN CONTROL AND EXERCISED MICE 
si ©) Controt 
SY Exercised 
80 
60 
40 
20 
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PIG. 2, 


under these conditions. 

The mechanism by which fatigue increases 
susceptibility to poliomyelitis is not known 
nor does it appear likely that evidence con- 
cerning the underlying processes can be ob- 
tained from statistical studies of human be- 
ings(10). However, the reproduction of this 
phenomenon in mice offers a model in which 
experiments concerning the nature of the in- 
creased susceptibility can be carried out. The 
possibility exists that exercise affects the ad- 
renal cortex causing increase or decrease of 
hormones which in turn influence suscepti- 
bility to this viral infection. Supporting this 
concept are reports that administration of ad- 
renal or pituitary hormones to experimental 
animals may increase their susceptibility to | 
experimental infection with poliomyelitis virus 
CHIzIS) 6 

Summary. In order to determine the effect 
of fatigue on susceptibility to experimental 
poliomyelitis, mice were forced to run in a re- 
volving drum during the day preceding and 
for 8 hours each day subsequent to the intra- 


§ Because of reports indicating that fatigue of 
nerve cells is associated with depletion of Nissl sub- 
stance(16-19), an attempt was made to correlate 
this phenomenon with increased susceptibility to 
infection with poliomyelitis virus. Paraffin sections 
were prepared of spinal cords of normal and 
fatigued mice and stains for Nissl substance were 
done carefully by several methods. However, the 
amounts of Nissl substance in the nerve cells of a 
single section were found to vary so greatly that 
no conclusions could be drawn as to its depletion 
‘in fatigued mice. 
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cerebral injection of the Lansing strain of 
virus. Control animals inoculated at the same 
time with the same amount of virus were al- 
lowed to rest in their cages. In all 7 experi- 
ments, the incidence of the disease as meas- 
ured both by paralysis and by death was 
greater in the exercised animals than in the 
resting controls. 


Valuable technical assistance in this work has been 
rendered by Esther Parker and Alice Hamlin. 
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Smith reported that in the stools of rats fed 
Co® vit. B12 the radioactivity is present in a 
conjugated or degraded form of the vitamin 
but not as ionized cobalt(1). Rosenblum and 
his coworkers regarded this as unlikely and 
concluded that vit. By. is destroyed in the 
feces, probably by bacterial action(2). Bar- 
bee and Johnson, by means of radioautographs 
of paper strip chromatograms, showed that 
the feces of rats contained considerable ionic 


* Radioactive vit. B,. was supplied by Merck and 
Co., Rakway, N. J. Expenses for these studies were 
partially defrayed by grants from the Squibb Insti- 
tute for Medical Research, New Brunswick, N. J. 
and the Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, N. Y. 


Co® after oral administration of the labelled 
vitamin, and that all the radioactivity in the 
feces after injection is in this form(3). 


The present study was undertaken to deter- 
mine fecal excretion of radioactive cobalt 
following oral administration of Co® vit. By» 


TABLE I. Radioactivity of Stools Following Oral 
Administration of 0.5 yg of Co® Vit. By to 4 
Normal Subjects. 


7) 
Total fecal 


excretion 
Patient Age of Co” (%) 
1DY. 26 78 
O: 30 : 31 
R. 30 39 
Ss. 33 50 
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TABLE II. Radioactivity of Stools Following Oral Administration of 0.5 yg of Co® Vit. Bis 
and Folie Acid to 6 Patients with Tropical Sprue in Relapse and 1 Person with Cirrhosis of the 


Liver and Diarrhea. 
a a a ie Re 2a SE ve ete ae te a 
Eee —————————eeee 


5 ug Co® By» 5 wg Co Bis 


5 pg CoB, Sug CoB, +10mgfolic + 10mg folie 
Free 5SywgCo® +1mgfolic + 5mgfolic aciddailyfor acid daily for 
Patient Age HCl By (%) acid (%) acid (%) 7 days (%) 3mo (%) 
M.R. 25 aL 46 
A.C. 60 + 32 
R.H. 62 + 34 
Pais 25 + 19 57 
V.L. 65 a 59 83 18 88 
66* 
JS. 15 ok 91 
67t 56 24 3 il 
C.L. 30 +|- 90 100 91 33 


* Repeated after patient received .5 yg Co” B, and 1 mg folie acid. 


to 6 patients with tropical sprue in relapse 
and one subject with hepatic cirrhosis and 
diarrhea. Free HCl was present in the gastric 
juice in all instances except one (V.L.). All 
cases showed a flat glucose tolerance curve 
following ingestion of dextrose. The labelled 
vitamin had a specific activity of 0.245 pc/ug. 
In each experiment the patient received 0.5 
ug in 250 ml of water in the morning. Break- 
fast was withheld until noon. During the 
period of observation the patients received an 
inadequate diet, the socalled “preliminary 
sprue diet” which is low in proteins and vita- 
mins, and consists mainly of rice, beans, root 
and starchy vegetables, and small amounts of 
milk and cod-fish. Stool collections and meas- 
urements were made in the manner previously 
described(4). When fecal radioactivity re- 
turned to background 3 of the patients re- 
ceived one and 5 mg of folic acid orally with 
the radioactive vit. By. Four of the sub- 
jects were given 10 mg of folic acid, orally, 
daily, for one week and then treated with one 
dose of Co® vit. Biz. One patient received 
10 mg of folic acid orally, daily, for 3 months 
and then a single dose of the labelled vitamin. 
Four normal young adults on regular hospital 
diets served as controls. No gastric extrac- 
tions were performed on them. 

Results. Summaries of the data are pre- 
sented in Tables I and II. Patients M.R., 
A.C., and R.H. refused to cooperate after the 
preliminary survey and were lost for future 
study. Under the conditions of the experi- 


” ” 


5 mg 


ment the normal subjects excreted 31 to 78% 
activity of the orally administered dose. Pa- 
tients with tropical sprue in relapse excreted 
19 to 91%. Following the simultaneous in- 
gestion of.1 mg of folic acid and 0.5 pg of 
labelled vit. By. there was no change in fecal 
radioactivity in 2 cases and reduction of about 
30% in a third (J.S.). This latter patient 
showed a suboptimal reticulocytosis and he- 
matologic improvement following the single 
combined dose. Oral administration of a 
second dose of Co®® vit. Bis to this patient 
was followed by an excretion of 67% of in- 
gested activity. The ingestion of 5 mg of 
folic acid and 0.5 wg of radioactive vit. Bis 
to 3 subjects resulted in high fecal activity 
in one (C.L.) and striking reductions in 2 
(V.L. and J.S.). The oral administration of 
10 mg of folic acid, orally, daily, for one 
week, followed by a single dose of 0.5 pg of 
labelled vit. By. resulted in elevated fecal 
activity in 2 patients (P.V. and V.L.) and 
low activity in the others (J.S. and C.L.). 
There was an almost complete absence of 
stool radioactivity in the patient who was 
treated with 10 mg of folic acid, orally, daily, 
for 3 months and received 0.5 ug of Co vit. 
By. at the end of that period. 

Summary. From the data it is apparent 
that no conclusion can be reached regarding 
interpretation of Co®° activity in the stool fol- 
lowing oral administration of 0.5 pg of radio- 
active vit. By. because of the wide normal 
range which overlaps with that of patients 


DIABETES BY “PITUITARY GROWTH HORMONE” 


with tropical sprue in relapse and one subject 

with hepatic cirrhosis and diarrhea. No con- 

sistent pattern of change was observed when 

folic acid was added. The variable results do 

not bear any relationship to the presence or 
absence of free HCl in gastric juice. 
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‘ Young demonstrated that extracts of the 
anterior pituitary, which possessed growth- 

promoting effects, were also diabetogenic(1). 
- Subsequently it has been shown that more 
highly purified growth hormone preparations 
retain the property of diabetogenicity in ex- 
perimental animals(2). It appears to be well 
established that these diabetogenic effects are 
not related to ACTH contamination. In stud- 
ies with “pituitary growth hormone prepara- 
tions” in human subjects, under chemically 
controlled metabolic ward conditions extend- 
ing over the period 1948 to 1953, we have 
failed to note any diabetogenicity of the 
preparations used. However, except in one 
subject, we have also failed to obtain growth- 
promoting effects(3). 

The present study was carried out in a 
60-year-old male patient with diabetes mel- 
litus of at least 5 years’ duration, and of some 
severity. It was designed to determine 
whether “highly purified pituitary growth hor- 
mone” would have either growth-promoting or 
diabetogenic effects under the experimental 
conditions used. 

Experimental. The patient was well equili- 
brated on a formula diet containing 119 g of 
protein, 130 g of fat, and 184 g of carbohy- 


* This work was supported by grants from the 
Armour Laboratories and the National Institutes of 
Health. 


drate. The formula was ingested at hourly 
intervals during the period 6:00 a.m. to 10:00 
p.m. Urine and stool collections and chemi- 
cal and other determinations were carried out 
as described elsewhere(4). The growth hor- 
mone was administered by slow intravenous 
drip in a solution containing 2 g of potassium 
chloride and 2 g of sodium chloride per liter. 
In order to make for precise constancy of 
conditions throughout the study, the intra- 
venous sodium-potassium chloride solution 
was administered during the control as well 
as the treatment periods. Growth. hormone 
(Armour, Lot No. 491132) was administered 
during the treatment period in a dose of 100 
mg equivalents per day, in one liter of solu- 
tion at a rate of 180 cc per hour. Forty units 
of N.P.H. insulin daily were given throughout. 
The assay of the growth hormone provided by 
Drs. Hays and Steelman and their associates 
of the Armour Laboratories was as follows: 
potency—49.5 + 10 mg stand./vial; T.S.H. 
-—.04 + .02 USP u/mg; oxytocin — <.8 
u/vials; fill—5O mg; ACTH — <.01 u/mg; 
pH—9.4. 


Experimental findings. As shown in Fig. 1 
and 2, the effects of “pituitary growth hor- 
mone” in this patient were as follows: 1. 
Blood and urine sugars were elevated during 
and following the administration of the hor- 
mone. The daily urinary sugar excretion 
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FIG. 1. Diabetogenic effects of ‘‘pituitary growth hormone’’ in a human diabetic. 


during pre-treatment averaged 11.8 g per day; 
43.0 g per day during hormone administra- 
tion; and 49.0 g per day following hormone 
administration. 

2. A significant but unimpressive increase in 
blood and urinary ketones occurred during 
and following the administration of pituitary 
growth hormone. The increase is much less 
than has been noted in similar diabetic pa- 
tients to whom ACTH has been administered 
under essentially identical experimental con- 
ditions(5). 

3. There was a significant, but not marked, 
elevation of 17-ketosteroids during pituitary 
growth hormone administration, with a less 
than complete return to base line levels when 
the hormone was stopped. 


4. A probably significant, but not impres- 
sive, decrease in circulating eosinophils oc- 
curred during the administration of pituitary 
growth hormone. (In one other study in a 
non-diabetic, the administration of one unit 
of ACTH by slow intravenous drip caused a 
more marked fall in eosinophils than that 
noted in this study.) 

5. An increase in iodine-131 uptake from 
13.4% to 34% was noted during and follow- 
ing the administration of the hormone. (The 
patient showed some clinical evidence of hypo- 
thyroidism prior to treatment. This was part 
of the basis for his selection as a candidate 
for the study.) 

6. A respiratory quotient of 1.17 during the 
hormone administration. (In diabetic pa- 
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Effects of ‘‘pituitary growth hormone’’ upon nitrogen, sodium and potassium bal- 


ances in a human diabetic. 


tients in whom the severity of the diabetes 
has been accentuated with ACTH or corti- 
sone, without exception, the respiratory quo- 
tient has been depressed below 0.70.) 

7. The average daily nitrogen excretion 
prior to growth hormone was 15.97 g, during 
—16.90 g, and following—18.15 g. 


8. There was a net retention of 0.639 g of 
sodium per day during, and 0.385 g follow- 
ing growth hormone, as compared to the pre- 
treatment control period. 

9. There was a slight net retention of potas- 
sium. 

The changes in body weight were probably 
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referable to the combined effects of changes 
in fluid balance, changes in nitrogen balance, 
and secondarily to the loss of the sugar in the 
urine. 

Discussion. From the foregoing, it appears 
that the administration of “pituitary growth 
hormone” to a diabetic patient results in 
marked accentuation of the diabetic state. It 
is possible that the thyrotropin and/or ad- 
renocorticotropin present in the preparation 
may have played some role in the hypergly- 
cemia and in the increased glycosuria. It 
seems probable, however, that the role played 
by these 2 factors was small for the following 
reasons: 1. The relatively slight change in 
circulating eosinophils and urinary 17-keto- 
steroids; 2. Slight increase in nitrogen excre- 
tion; 3. Elevation of the respiratory quotient 
above one, rather than below 0.7. (The latter 
occurs consistently in diabetics receiving 
ACTH) (5); 4. Decreased rather: than in- 
creased potassium excretion; 5. Decreased 
oxygen utilization. 

Summary. Administration of “highly puri- 
fied pituitary growth hormone” to a diabetic 
patient, under chemically controlled condi- 
tions, resulted in increased hyperglycemia and 
glycosuria, in minimal increase in blood and 
urinary ketones, and in minimal change in the 
nitrogen balance. The data support the con- 
cept that the increased hyperglycemia and 
glycosuria are probably attributable to dimin- 
ished carbohydrate utilization rather than in- 
creased neoglucogenesis. The diminished 
utilization in turn may be referable to dimin- 
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ished endogenous insulin production as the 
result of the exhaustion of the beta cells of 
the islets. 


Grateful acknowledgement is made to Dr. Hays 
and Dr. Steelman of the Armour Laboratories for 
supplies of pituitary growth hormone, and to the 
Borden Co. for supplies of powdered whole milk 
and instant coffee. 
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Haanes and Gyorgy(1) analyzed the lipo- 
tropic fraction prepared by Bosshardt e¢ al. 
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tional Heart Institute. Present address: Institute for 
Enzyme Research, University of Wisconsin, Madison, 
Wisc. 


(2) from the residue remaining after the ex- 
traction of pancreas for insulin, and identified 
trypsin and trypsin inhibitor as components 
of this fraction. Furthermore, they postul- 
ated that enterokinase is capable of overcom- 
ing the action of trypsin inhibitor on trypsin. 
Mars, Peanasky, and Laskowski(3) studied a 
system composed of crystalline trypsin, crys- 
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talline pancreatic trypsin inhibitor and highly 
purified enterokinase, but were unable to con- 
firm the hypothesis of a new activity of en- 
terokinase. In order to explain the discrep- 
ancy between their results and those of 
Haanes and Gyorgy(1), Mars e¢ al.(3) ten- 
tatively postulated that, in addition to the 
components identified hy Haanes and Gyorgy, 
the lipotropic fraction contained trypsinogen. 
Through the courtesy of Dr. L. A. Kazal of 
Sharp and Dohme, Inc., we recently received 
a small amount of lipotropic fraction and ana- 
lyzed it for trypsinogen. 

Experimental. The lipotropic fraction was 
treated according to the procedure of Kunitz 
and Northrop(4) devised for the separation of 
trypsin and/or trypsinogen from the trypsin 
inhibitor. 1.250 g of the lipotropic fraction 
was suspended in 0.0025 N HCl and 0.1 N 
HCl was added dropwise until the pH of the 
mixture was 3.0. The insoluble material was 
centrifuged off and discarded. The yellow 
liquid, 8 ml, was mixed with 8 ml of 5% tri- 
chloroacetic acid (TCA), left for one hour 
at room temperature, and centrifuged. The 
supernatant was discarded. The precipitate 
was washed with 2 ml of 2.5% TCA, was then 
dissolved in 40 ml of 0.0025 N HCl and left 
at room temperature for 30 minutes. Solid 
ammonium sulfate was added (24 g/100 ml) 
to attain 0.4 saturation. The precipitate 
which formed was centrifuged off and . dis- 
carded. To the supernatant, ammonium sul- 
fate (36.1 g/100 ml) was added to attain 0.8 
saturation, the resulting suspension was cen- 
trifuged and the supernatant was discarded. 
The precipitate, referred to as 0.8 S.A.S. 
(saturation with ammonium sulfate) precipi- 
tate, was dissolved in 0.0025 N HCl and was 
assayed, according to the method of Kunitz 
(5). To some tubes CaClo was added, since 
Gorini(6) and Nord and coworkers(7,8) had 
shown that calcium exerted a stabilizing effect 
on trypsin. 

A rapid activation of trypsinogen was per- 
formed at 37°C, at pH 7.6 (Table I, Exp. 1). 
All tubes contained 0.8 S.A.S. fraction in a 
final concentration equivalent to an optical 
density of 3.24 at 280 p (E 1,0" = 3.24) and 
0.1 M borate buffer, pH 7.6. Tubes 1 and 2 
contained, enterokinase, final concentration 
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TABLE I. Effect of Enterokinase on Proteolytic 
Activity of 0.8 S.A.S. Fraction. 


lem 
E 590 
c aN 
0 1% hr 3 hr 
xp, 1 pHi 7.6,37-° 
Tube 1, enterokinase, Ca 520 .610 505 
2 sy ,no Ca 370 405 185 
3, no enterokinase, Ca 038s = 030 027 
4,” MG »noCa .034 .043 020 
Exp. 2, pH 5.6, 5° 0 Shr 24hr 
Tube 1, enterokinase, Ca LTS 170 .280 
2, e , no Ca 044 .146 .298 
3, no enterokinase, Ca 014 = .015 012 
4,” v ynoCa .010 .013 -006 © 


10 E.K.U. (enterokinase units)(9) per ml. 
Tubes 1 and 3 contained CaCle, final concen- 
tration 0.01 M. At the indicated times 0.1 ml 
aliquots were withdrawn from each tube, 
added to a mixture of 0.9 ml of water and 
one ml of 1% casein solution, and incubated 
for 20 minutes. Proteolytic activity was de- 
termined by spectrophotometric assay of the 
trichloroacetic-acid-soluble digestion products 
(5). Control tubes containing an equivalent 
amount of enterokinase and control tubes con- 
taining casein only were incubated simultane- 
ously. The amounts of enterokinase used 
were too low to exhibit detectable proteolytic 
activity. The 2 series of controls gave iden- 
tical results. All figures shown in Table I 
were corrected for the values of the cor- 
responding controls. 


Under the conditions described, the activa- 
tion occurred very rapidly; the highest peak 
of proteolytic activity being reached in Tubes 
1 and 2 after 30 minutes of incubation. In 
Tube 1, containing calcium, proteolytic ac- 
tivity decreased slowly during the period of 
5 hours. In Tube 2, without calcium, the pro- 
teolytic activity decreased sharply, indicating 
that under these conditions denaturation and 
self-digestion of trypsin occurred very rap- 
idly(10). Contrary to expectations, only a 
small part of the potential proteolytic activity 
was present in the tubes which did not con- 
tain enterokinase, indicating that the 0.8 
S.A.S. fraction contained predominantly tryp- 
sinogen with relatively little trypsin. 


An experiment was then performed in which 
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the 0.8 S.A.S. fraction was subjected to a slow 
activation at 5°, at pH 5.6 (Table I, Exp. 2). 
All tubes contained 0.8 S.A.S. fraction, final 
concentration E 1.0m — 0.315, and 0.1 M 
acetate buffer, pH 5.6. Tubes 1 and 2 con- 
tained enterokinase, final concentration 1 
E.K.U. per ml. Tubes 1 and 3 contained 
CaCl., final concentration 0.01 M at the in- 
dicated time 0.5 ml aliquots were withdrawn 
and assayed for tryptic activity as before. 
Control tubes, analogous to those of Exp. 1 
were incubated simultaneously. All figures 
were corrected for the values of the cor- 
responding controls. 


Under the conditions described, a steady 
increase in proteolytic activity during the 
period of 24 hours was observed in Tubes 1 
and 2, containing enterokinase. At 5° and 
pH 5.6, the rate of denaturation and self- 
digestion of trypsin was very low(10), and 
therefore, the protective effect of calcium was 
not evidenced. 


In order to determine whether or not the 
zymogen was really trypsinogen, it was de- 
cided to investigate the action of soy bean 
trypsin inhibitor on the activated enzyme. 
Kunitz(5) showed that soy bean trypsin in- 
hibitor reacts stoichiometrically with trypsin, 
but forms a dissociable complex with chymo- 
trypsin. To 4 ml of solution of 0.8 S.A.S. 
fraction (E 1,°™ — 1.2) were added 4 ml of 
0.2. M borate buffer, pH 7.6 and 2 ml of en- 
terokinase solution containing 10 E.K.U. per 
ml. The mixture was incubated for one hour 
at 37°C, and five 0.5 ml aliquots were then 
withdrawn and were mixed with solutions 
containing 0, 13, 65, 130, and 650 y of soy 
bean inhibitor. After 5 minutes casein was 
added, and the tubes were incubated for 20 
minutes. A series of control tubes containing 
corresponding amounts of inhibitor was incu- 
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bated simultaneously. For the tube contain- 
ing no inhibitor, the corrected reading was 
0.285. For the tubes containing inhibitor 
corrected readings varied from 0.050 to 0.040, 
indicating that about 86% of the proteolytic 
activity was inhibited, regardless of the 
amount of inhibitor used. No attempts were 
made to identify the residual proteolytic ac- 
tivity. Considering the origin and the treat- 
ment to which it was subjected, it would ap- 
pear most likely that chymotrypsin was re- 
sponsible for the residual proteolytic activity. 
The results of this experiment agree with the 
conclusion of Haanes and Gyorgy(1) that 
trypsin represented the major proteolytic com- 
ponent of the activated lipotropic fraction. 

Summary. The postulation that the lipo- 
tropic fraction prepared by Bosshardt et al. 
(2) contained trypsinogen has been confirmed 
by a direct analysis. In view of this finding, 
it is no longer necessary to ascribe an addi- 
tional new activity to enterokinase. 
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The demonstration of an increase in the 
capacity of serum to inhibit streptokinase has 
been assumed to indicate recent experience 
with the beta hemolytic Streptococcus (1-4). 
Anti-fibrinolytic activity, however, may not 
be due entirely to the presence of specific an- 
tibody. Since the dissolution of clotted 
plasma is actually carried out by proteolytic 
enzymes in the plasma, an increase in the 
quantity of non-specific antiprotease may be 
responsible, in part, for an antifibrinolytic 
effect(5,6). A deficiency of the lytic factor 
in serum may produce the same effect(7,8). 
Most of the studies of antifibrinolysis have 
until recently been complicated, therefore, by 
these non-specific factors. Kaplan(9), how- 
ever, has devised a quantitative serological 
method which minimizes the effects of anti- 
protease and deficiency of lytic factor. 

In carrying out determinations of anti- 
fibrinolytic activity of serum, it has been cus- 
tomary to use the streptokinase produced by 
one strain of beta hemolytic Streptococcus. 
This has been based on the assumption that 
all streptokinases of Group A Streptococcus 
are antigenically similar. Van Deventer(10), 
on the basis of an investigation of 40 strains of 
_ streptococci, concluded that the fibrinolysins 
elaborated by all of them were of one immuno- 
logical type. These observations were con- 
firmed recently by Kaplan(11) who demon- 
strated the similarity of streptokinases of 
Group A, C, and G streptococci. In contrast, 
Mote, Massell, and Jones(12) found that 
the resistance of plasma clots varied with the 
fibrinolysins derived from different strains. 
They attributed these results to immunologi- 
cal differences in antifibrinolysin. 

The purpose of the present study was to 
reinvestigate the problem of the antigenic 
similarity of streptokinase, using the quanti- 
tative technic of Kaplan(9). It was found 
that the streptokinases produced by different 
strains of the beta hemolytic Streptococcus 
were antigenically dissimilar. 


Methods. The 10 strains of beta hemolytic 
streptococci used for the preparation of strep- 
tokinase were isolated from patients with 
scarlet fever, with the exception of strain CO 
which was obtained from Dr. Tillett; all be- 
longed to group A. The organisms were 
grown in heart infusion-yeast-blood broth 
for 24 hours and the fibrinolysin prepared by: 
alcoholic precipitation, according to the 
method of Garner and Tillett(13). Titrations 
of fibrinolytic activity of each strain were re- 
peated before each group of sera was exam- 
ined for antistreptokinase activity. The pro- 
cedure of Kaplan(9) was employed for esti- 
mation of antifibrinolytic activity and all de- 
terminations were carried out at least twice. 

The serums used in this study were ob- 
tained from patients with untreated scarlet 
fever. Group A Streptococcus pyogenes was 
isolated from the pharynges of all these indi- 
viduals and all developed high antistreptoly- 
sin titers. The sera were first assayed for 
antifibrinolysin using streptokinase prepared 
from strain CO, the organism with which all 
antistreptokinase titrations had been carried 
out in this laboratory for several years. On 
the basis of these results, the cases were di- 
vided into 2 groups; those showing a “‘nor- 
mal” titer (14 strains) and those with an 
“elevated” titer of antistreptokinase (11 
strains). Although it is difficult to establish 
the exact point beyond which the antistrepto- 
kinase activity may be considered to be in- 
creased, levels over 125 (that is, 179 units or 
greater), were considered by the Commission 
on Acute Respiratory Diseases to be elevated 
(14). 

Results. In Table I are presented the re- 
sults of the titrations of sera which appeared 
to contain a “normal” antistreptokinase con- 
tent when examined with the fibrinolysin of 
Strain CO. As can be seen from the data, 
only 2 (No. 5 and 8) reacted with the 10 
streptokinases so that all the determinations 
were less than 2 tubes apart. The remaining 
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TABLE I. Antistreptokinase Titers of Serums Using Different Streptokinases. 
Low-titer serums. 


ee ne eer 
ee 


Antistreptokinase titer No. of 
Serum ,————Strain of strep. from which streptokinase was prepared———,__ tubes 
No. CO 12 23 18 5 15 il 8 6 9 difference 

UT 83 <25 <25 83 25 36 <25 <25 36 <25 4 
2 Be I PS 56 179° <25 36 56 Br 675) 6 
3 83 <25 <25 25 <25 36 56 <25 36° <25 3 
4 56 83 417 83 <25 278 36 36 179 <25 8 
5 <25 <25 <25 <25 <25 <25 <25 <25 <i25 <25 0 
6 25 36 <25 278 36 <25 278 36 <25 <25 th 
i 36 25 <25 36 <25 36 25 83 25 36 3 
8 <25 <25 <25 25 <25 <29 36 <25 36 <25 1 
9 <25 25 <25 <25 56 <25 56 <25 83 <25 3 
10 56 278 EAS) 83 <25 278 83 56 179 278 7 
itll 36 125 83 83 36 36 36 179 179 56 4 
12 25 36 125 125 36 iS, 36 56 56 56 5 
13 125 <25 <25 179 83 <25 56 <25 36 36 6 
14 125 125 125 125 125 125 83 125 125 25 4 


TABLE II. Antistreptokinase Titers of Serums Using Different Streptokinases. 
High-titer serums. 


Antistreptokinase titer No. of 
Serum »—————Strain of strep. from which streptokinase was prepared————__,__ tubes 
No. CO 12 23 18 5 15 iy 8 6 9 difference 
15 278 278 179 278 625 278 278 83 aly) 56 6 
16 179 56 125 179 179 83 125 56 56 25 5 
17 LIQ re<25 25 83 365 <5 25° <25 36 <2) 6 
18 417 278 417 36. <25 417 83 179 83 56 8 
19 179 417 417 179 83 278 83 179 125 83 4 
20 179 125 278 278 278 179 278 83 125 83 3 
21 TO 125 83 417 125 56 179 179 83 179 5 
22 278 565 25 56 25 56 25 125 56 25 7 
23 278 278 83 625 278 83 179 179 83 =<25 9 
24 417 278 278 179 83 278 125 278 179 83 4 
25 417 83 56 56 125 83 83 36 83 36 6 
12 gave variable results with the different tubes. 


kinases, the titrations ranging from 3 to 8 
tubes apart. Although all of the serums had 
been classified as showing no elevation of an- 
tistreptokinse with CO, several of them (No. 
2, 4, 6, 10, 11, 12, and 13) appeared to con- 
tain an increased quantity of antibody when 
tested with other fibrinolysins. While the 
remaining 5 sera showed variations in titer, 
all of them were within the range of what is 
considered to be normal. 

The discrepancies between antistreptokin- 
ase titers determined by using different strep- 
tococcal fibrinolysins were even more pro- 
nounced when sera originally considered to 
contain an increased quantity of antibody 
against the CO kinase were examined for their 
ability to inactivate lysins prepared from 
other strains. The smallest difference in titers 
of any single serum was 3 and the largest 9 


Although all of the sera had been consid- 
ered to have an elevated quantity of antibody 
when first examined, using the CO strepto- 
kinase, all also revealed only a ‘‘normal” con- 
tent of anti-fibrinolysin when tested with the 
enzyme elaborated by other strains of strepto- 
cocci. “In most instances the differences in 
titer for each serum fell well outside the limit 
of experimental error of 2 tubes. It is strik- 
ing that with no other lysin than that derived 
from strain CO did the sera give consistently 
elevated anti-streptokinase levels (Table IT). 

Discussion and summary. The results ob- 
tained in this study indicate that strepto- 
kinases derived from different strains of 
Group A Streptococcus pyogenes are anti- 
genically dissimilar. Since Kaplan’s method 
of determining antifibrinolysin(9) has been 
claimed to minimize the non-specific effects 
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of antiprotease and inadequacy of lytic sub- 


stance in the blood, the discrepancies in quan- 


tity of antifibrinolysin observed in the present 
investigation probably cannot be attributed 
to these factors. It is a well known fact that 
an increase in antistreptokinase occurs much 
less frequently than a rise in antistreptolysin 
in streptococcal infections. Rantz, Boisvert, 
and Spink(15) and the Commission on Acute 
Respiratory Diseases and Kaplan(16) have 
attributed this to the marked variations in the 
ability of different strains of streptococci to 
produce fibrinolysin. On the basis of the ob- 
servations made in the present study it would 
appear likely also that the relative infre- 
quency of increase in antistreptokinase after 
streptococcal infection may be related to the 
use of a fibrinolysin antigenically different 
from that elaborated by the strain of organ- 
‘ism responsible for the disease. 

The reason for the difference in the results 
obtained by Kaplan(11) and those presented 
in this paper are not readily apparent. They 
may be related, however, to the fact that, by 
chance, the 3 lysins which Kaplan used hap- 
pened to be antigenically the sarne. With an 
increase in the number of kinases examined, 
the possibility of detecting immunologic dif- 
ferences probably was increased. 

If, as the data presented in this paper indi- 
cate, streptococcal fibrinolysins are antigeni- 
cally dissimilar, the determination of anti- 
streptokinase titers probably is of little value 
in the diagnosis of streptococcal infection. A 
low antibody content may be related not to 
lack of immune response but to the fact that 
the fibrinolysin used in carrying out the test 
was immunologically different from that pro- 
duced by the organism which infected the 
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patient. It is evident that elevation of anti- 
streptolysin is of much greater significance in 
the recognition of recent invasion By the beta- 
hemolytic Streptococcus. 


Conclusions. 1. Streptokinases produced by 
different strains of Group A beta-hemolytic 
Streptococcus are antigenically different. 2. 
Determination of antistreptokinase titers is 
probably of little value in the diagnosis of 
streptococcal infection. 
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Relationship Between Human Seminal Fluid and the Fibrinolytic System. 
(20461) 


Kurt N. von Kautrta* AND LANDRUM B. SHETTLEs.t 


From the Research Service, Third (NYU) Medical Division of Goldwater Memorial Hospital, 
Welfare Island, and the Department of Obstetrics and Gynecology, College of Physicians and 
Surgeons, Columbia University and the Sloane Hospital for Women, New York City. 


Activators and inhibitors as well as pre- 
cursors of plasmin, the fibrinolytic enzyme of 
blood, have been found in demonstrable con- 
centrations in a variety of tissues and body 
fluids. Although the enzymes of semen have 
received a good deal of attention, they have 
been investigated but little from this point of 
view. Huggins and Neal(1) showed that 
human and canine semen contains a fibrin- 
splitting enzyme in addition to another which 
degrades fibrinogen, both of which presumably 
originate in the prostate. They stated that 
human seminal fluid is rich in fibrinolysin and 
poor in fibrinogenase. Eichenberger(2) noted 
decomposition of fibrin flakes by semen. 


Procedure and observations. Our own ex- 
periments confirm the degradation of fibrin 
by seminal fluid. If one part of seminal fluid 
is added to 10 parts of citrated plasma and if 
this solution is clotted, the clet is dissolved 
within 24 hours. There are a number of phe- 
nomena which are in contrast to those ob- 
served with plasmin alone. The latter enzyme 
dissolves the clot of a fibrinogen solution con- 
sistently faster than that of human plasma 
with a comparable fibrinogen content, since 
the plasma contains appreciable quantities of 
antifibrinolysin. If seminal fluid is used in 
place of plasmin, an entirely different situa- 
tion prevails. It is, however, relatively easy 
to find a concentration of seminal fluid (the 
optimum is not the same for each sample of 
semen) in which the plasma clot is lysed faster 
than the fibrinogen clot, as illustrated in 
Table I. 


Since bovine fibrinogen was used as a sub- 
strate, the findings permit 2 interpretations: 
(a) that the fibrinolytic enzyme of human 
seminal fluid is species specific and therefore 
attacks bovine fibrin to a lesser degree or 
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TABLE I. Fibrinolytic Action of Seminal Fluid 
on Fibrinogen and Plasma Clots. Fibrinogen 0.3%, 
0.1 ml or plasma, 0.1 ml; aliquot seminal fluid; 
thrombin 200 units/ml, 0.03 ml; buffered saline ad 


1.0 ml. 
Lysing time Lysing time 
Seminal fluid in min., in min., 
cone. (ml) fibrinogen exp. plasma exp. 
5 540 300 
2 300 60 
.02 180 210 
01 210 330 


(b) that seminal fluid contains fibrinolyso- 
kinase which activates the profibrinolysin of 
plasma or serum. Another characteristic to 
be noted, which differs from purified plasmin, 
is that the briefest fibrinolysis times do not 
correspond to the highest seminal fluid con- 
centration but to the lower ones. This could 
be attributed to the presence of an inhibitor. 
For clarification of this, a series of experi- 
ments were performed in which the following 
reagents were used. 

1) Human semen was obtained in a clinic 
or was sent in for investigation. Immediately 
after receiving, the semen was frozen and be- 
fore each experiment, which was carried out 
within a few days, it was centrifuged until 
the seminal fluid was free of spermatozoa. 
2) Buffered saline: one part veronal-acetate 
buffer, pH 7.42, plus 2 parts of saline. 3) 
Fibrinogen: bovine fibrinogen, Armour, 1% 
solution in buffered saline. 4) Plasmin: acid 
activated fibrinolysin 1% of von Kaulla(6) 
in buffered saline. 5) Prolysin: from human 
serum according to Lewis and Ferguson(3), 
dissolved in buffered saline corresponding to 


one-half the original amount of serum. 6) 


Streptokinase-Streptodornase: Lederle. Dis- 
solved in buffered saline and diluted to 100 
units/ml. 7) Thrombin: Parke, Davis Co. 
Dissolved in buffered saline. 8) Human 
citrated plasma, 1 to 4, obtained on the day 


of experiment. 


SEMINAL FLUID AND FIBRINOLYTIC SYSTEM 


In all of the experiments outlined below, 
the same arrangement was chosen for observ- 
ing fibrinolysis, viz., 0.06 ml of the fibrinogen 
solution or 0.1 ml of citrated plasma was 
diluted to 1 ml with buffered saline after the 
addition of all other reagents, and clotting was 
effected by the addition of 0.03 ml of throm- 
bin solution. This system for studying 
fibrinolysis was satisfactory and suitable for 
the small amount of material available for our 
experiments. This latter point is to be noted 
especially, for with the same arrangement, 
other materials could be investigated such as 
cervical mucus or ovarian follicular fluid, 
whose quantity is limited to an even greater 
extent. The endpoint of complete fibrinolysis 
was taken as the moment at which the last 
visible bit of fibrin net disappeared. The de- 
tection of the endpoint was easier in those 
tubules containing air bubbles in the fibrin 
net. The tubules containing the preparations 
were not touched during the time of observa- 
tion. 

The following procedure was used for the 
fibrinolysis test of human seminal fluid: A 
mixture of equal parts of seminal fluid and 
buffered saline was incubated at 37°C with an 
equal volume of prolysin for varying lengths 
of time. At hourly intervals, 0.1 ml of the 
seminal fluid and prolysin solution was taken 
out and added to the mixture for testing 
fibrinolysis and the time of dissolution of 
fibrin noted. 

It is evident from Table II that human 
seminal fluid contains fibrinolysokinase which 
activates prolysin; the maximum activation 
appears to be reached after 4 to 5 hours 
and then a loss of activity appears prob- 
ably due to inactivation of the newly pro- 
duced enzyme. Seminal fluid (50%) and 
prolysin solution in a ratio of 1:1 appeared 
to be the most favorable. The yields with 5 
parts of 50% seminal fluid and one part of 
prolysin were distinctly less; those with one 
part of 50% seminal fluid and 5 parts of pro- 
lysin were somewhat less favorable. Prolysin 
alone was not activated during the periods of 
the experiment. In addition to fibrinolyso- 
kinase, seminal fluid also contains small 
amounts of profibrinolysin, since the fibrin- 
splitting activity of seminal fluid can be en- 
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TABLE II. 
Prolysin Activation by Human Seminal Fluid. 
———————S—————_=a=— 


Incubation time (hr) 
Exp. 0 ee eee Otel far Ogu eS 


—— Lysing time (min.) ———_—_, 


1 105 OOF coe ORS San Soe Onl Lael G 
2 ZEON 0 ES 0B 25 0 Seo 9 eelslfem ts 
3 LOD eee O ee t0) Oba 20 US ee Saeed See 


TABLE III. Effect of Streptokinase on Human 
Seminal Fluid, Fibrinolysis test mixture + 0.1 ml 
streptokinase 100 units/ml + aliquot seminal fluid. 


Semen No. 
it 2 3 4 5 6 


Lysing time (min.) of seminal 
fluid with streptokinase 
5 ml) 12 19 20 30 25 35 
25 m1) 44 34 40 60 63 45 


Lysing time (min.) of seminal 
fluid without streptokinase 
(.025 ml) 65 160 210. 400 220 230 


TABLE IV. Effect of Seminal Fluid on Plasmin. 

Buffered saline plasmin solution 1%, 0.01 ml + 

aliquot part of seminal fluid incubated for 20 min., 
then fibrinogen added. Thrombin. 


Specimen A B Cc 

Lysing time, min. 

Addition of sem- (.2 ml) 120 350 90 
inal fluid Gi mi) 60 dolel 50 
(.01 ml) 8 12 19 

(.005 ml) 10 9 14 

Without seminal fluid 22 22 22 


hanced by the addition of streptokinase. 
These relationships are shown in Table III. 

In mixtures without seminal fluid strepto- 
kinase did not induce fibrinolysis. 

It is thus evident that seminal fluid pro- 
fibrinolysin (or a substance closely related) 
occurs together with fibrinolysokinase. Anti- 
fibrinolysin is also present and in smaller 
concentrations than in serum. Larger amounts 
of seminal fluid are capable of diminishing 
the action of plasmin while smaller concen- 
trations show a synergistic action with plas- 
min. Details are given in the examples in 
Table IV. 

Discussion. It was possible to demonstrate 
that as Huggins and Neal(1) have shown 
seminal fluid contains a fibrin-splitting en- 
zyme. This enzyme was found in all (50) 
semen samples which were investigated. Its 
activity, although variable from sample to 
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sample, does not seem to be influenced by the 
number of spermatozoa in that it was found 
in specimens with necro-, oligo-, and azo- 
spermia. The origin of this enzyme is not 
clear; perhaps it is formed by the prostate 
gland as Huggins and Neal have suggested. 
In cases of prostatic carcinoma, increased 
fibrinolysis was demonstrated in peripheral 
blood samples by Tagnon e¢ al.(4). That this 
enzyme is added to the semen in a non-activ- 
ated state and then becomes activated by 
fibrinolysokinase cannot be excluded. Fibrino- 
lysokinase was demonstrated in all samples 
(14) which were investigated for its presence. 
Its activity, 7.e., concentration in various sem- 
inal fluid samples appears to be subject to 
some variation. The same is true for all sam- 
ples containing material which was activated 
by streptokinase. Seminal fluid is the only 
body fluid which under normal circumstances 
contains free plasmin-like enzymes. Its full 
activity is produced by dilution. The sig- 
nificance of this enzyme system, especially in 
relation to fertility, is unknown. In any 
event, proteolytic enzymes frequently have 
been associated with certain fertility pro- 
cesses. Thus, Runnstrom(5) reached the 
conclusion that immediately after fertilization 
of metazoan eggs one or more proteolytic en- 
zymes become activated. If one assumes 
that the spermatozoa are surrounded by an 
active fibrinolytic, seminal fluid layer, they 
encounter rather favorable conditions for 
maintaining this fibrinolytic activity in their 
passage to the ovum; the cervical mucus con- 
tains practically no anti-fibrinolysin, but 
small amounts of a material which is subject 
to activation by streptokinase; the uterus 
contains fibrinolysokinase as shown by Lewis 


SEMINAL FLUID AND FIBRINOLYTIC SYSTEM 


and Ferguson(3), and also a fibrinolytic en- 
zyme (Greenberg(7), Page et al.(8). Homo- 
genized human fallopian tubal mucosa is also 
fibrinolytic and contains fibrinolysokinase. 
Follicular fluid usually contains large amounts 
of antifibrinolysin and also high concentra- 
tions of profibrinolysin. We shall report upon 
these findings in a later communication. It is 
thus possible that in order to perform its fer- 
tilizing function under normal circumstances 
the spermatozoon needs proteolytic enzymes 
which undergo, on its passage to the ovum, 
activation rather than inactivation. If these 
suppositions are correct, then one can draw 
the inference that some cases of sterility may 
be associated with disturbances of these en- 
zymes. 

Summary. Human seminal fluid contains 
in addition to fibrinolytic enzymes (whose 
identity with the enzymes of blood remains to 
be demonstrated) fibrinolysokinase, anti- 
fibrinolysin and a material which can be 
activated by streptokinase. 
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Sex Differences in Effect of Radiation and Fluoracetate Poisoning on 


Liver Metabolism. 


MArcErRY G. Orp AND L. A. STOCKEN. 


(20462) 


(Introduced by S. Ochoa) ~ 


From the Department of Biochemistry, University of Oxford, England. 


In the course of an investigation of the 
effects of X-radiation on liver metabolism it 
was considered important to confirm the ob- 
servations of Dubois, Cochran, and Doull(1), 
and Dubois, Cochran, and Zerwic(2) that 
there was a sex difference in the response given 
by rats to sequential exposure to X-radiation 
and fluoracetate poisoning. These workers 
claimed that no accumulation of citrate took 
‘place in the livers of male Sprague-Dawley 
tats injected with 3.5 mg/kg fluoracetate 
and killed after 3 hours; female rats showed 
a very marked accumulation when similarly 
treated. If, however, the rats were exposed 
to X-radiation prior to the injection of fluor- 
acetate the males as well as the females accu- 
- mulated citrate. Buffa and Peters(3) in their 
original experiments found little or no increase 
of citrate in the liver after fluoracetate in- 
jection, a result confirmed by Potter and 
Busch(4). Repetition of these experiments 
with our strain of Wistar rats suggests that in 
both sexes the results are very dependent on 
the state of nutrition of the animals; both 
male and female fed animals show increased 
liver citrate levels after fluoracetate injec- 
tion, whereas starved animals show a smaller 
response. In the case of X-radiation we find 
the effect to be less dramatic than has been 
reported. 

Materials and methods. Rats weighing 150- 
250 g were fed on a stock diet of rat cubes 
supplied by Messrs. Heygate and Sons of 
Northampton. In all cases liver extracts ob- 
tained from fed animals contained glycogen. 
When starved animals were required, food 
was withdrawn for 24 or 48 hours, but water 
was always available. The animals were ir- 
radiated from underneath in batches of 4. 
The characteristics of the machine were 240 
kv, 15 milliamps, H.V.L. 1.2 mm Cu. The 
dose rate in air measured 3 cm above the floor 
of the cage, was 18-19 r/min. The field was 
uniform to +5%. 


Sodium fluoracetate (FAc) was kindly 


provided by Prof. R. A. Peters. It was dis- 
solved (200 mg/100 ml 0.9% w/v NaCl) and 
4 mg/kg were injected intraperitoneally into 
rats which were killed after 2 hours by de- 
capitation. The livers (3-8 g) were imme- 
diately homogenized in 20 ml 10% trichlor- 
acetic acid. The residue after centrifugation 
was re-extracted and the combined extracts 
were made up to 50 ml. 

Citric acid was estimated by the method of 
Pucher, Sherman, and Vickery(5) as modified 
by Buffa and Peters(3). In our hands the 
method, as applied to the estimation in liver, 
was not completely satisfactory, but no ad- 
vantage was obtained by the application of 
other available methods to this tissue. Gen- 
erally, control and experimental animals were 
examined in the same run so that direct com- 
parisons could be made. 

Results. The citric acid content of livers 
of normal animals of both sexes and the levels 
reached after fluoracetate injections are 
shown in Table I. In starved normal animals 
the citrate levels are about the same, but on 
a normal diet with food available ad lib., the 
level in females tends to be slightly higher 
than in males. The sex difference in the ac- 
cumulation of citrate in rat livers in response 
to fluoracetate previously observed by Du- 
bois et al.(1,2) is less marked in our ani- 
mals. In the starved animals given fluor- 
acetate the citrate level in the liver was 
increased in the females, but a similar effect 
was found also in the males. The injection of 
fluoracetate into fed animals produced a very 
marked rise in the accumulation in female 
rats, but in male rats too there was a consid- 
erable increase. 

Dubois ef al. had also found that in their 
strain of rats irradiation caused male rats to 
accumulate citrate in response to fluoracetate 
and did not alter the level in female animals. 
The magnitude of the effect was proportional 
to their X-ray dose (200-800 r). In our ex- 
periments (Table II) with 500 r irradiation 
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TABLE I. Citric Acid Content 


of Rat Livers (ug/g Tissue). 


Starved Fed 
No FAc —— With FAc¢ - ‘ —— 
24hr 24 hr 48 hr No FAc With FAc 
Male 19* (14-22) t 105 (45-123) 56 (49-61) 32 (20-58) 197 ( 57-356) 
No. animals 4 7 3 4 i133 
Female 27 (22-36) 116 (82-154) —- 63 (42-80) siifal Cia 
No. animals 13) i 4 12 : 


Castrated males 19 (18-22) 103 (62-154) 
No. animals 4 7 


59 (47-71) 43 (32-51) 266 (110-570) 
2 4 7 


* Mean. t Range. 


TABLE II. Citric Acid Levels in Livers of 


Male Rats Exposed to 500 r X-radiation 


(ug/g Tissue). 


Dennen ee eee ee ee ee ee ee 
3538383838388 88 oo 


24hrpostradiation,  , 8 days post radiation ~ 
starved 48 hr, ——— Starved 24 hr --——_,__ ,— Fed = 
with FAc No FAc With FAc No FAe With FAc 
173* (123-290) t 30 (25-40) 104 (95-111) 53 (41-61) 317 (123-625) 
No. animals 5 3 3 4 10 
* Mean. + Range. 


apparently had little effect on the normal liver 
citrate levels of male rats 8 days after ex- 
posure, with or without food, and in response 
to fluoracetate the starved liver citrate level 
was not different from the non-irradiated con- 
trols. If the animals were fed, however, the 
accumulation was greater than the control 
animals (Student’s t test, t = 2.38, P <0.05). 
Also in animals starved for 24 hours then ir- 
radiated and starved for the next 24 hours, 
citrate levels after fluoracetate injection were 
comparable to those in fed males, this pre- 
sumably reflecting the increased glycogen con- 
tent of the livers following irradiation (North 
and Nims) (6). 

Discussion. Dubois et al.(1,2) did not re- 
gard a citrate concentration of less than 100 
ug/g tissue as an accumulation, nor was any 
mention made of the nutritional state of the 
animals. It would appear therefore in the 
light of our experiments that the observations 
of Dubois e¢ al. of the failure of normal male 
rats to accumulate citrate in their livers after 
fluoracetate may be principally one of de- 
gree. Sex differences in the accumulation of 
the acid are undeniably present, but it is also 
apparent that feeding the animals, as might 
be expected, produces a very great increase 
in the citrate concentration obtained in this 
tissue. An isolated observation of citrate ac- 
cumulation in the kidneys of an_ injected 


starved female rat did not show any depend- 
ence on the nutritional state in this organ, 
nor have sex differences in accumulation been 
reported in other tissues. Moreover, no sex 
differences in susceptibility to fluoracetate 
poisoning have been reported, and it seems 
unlikely that differences in liver citrate con- 
tent between the 2 sexes are of importance 
in the overall syndrome of fluoracetate poison- 
ing in rats. 

The greater accumulation in fed irradiated 
male rats suggests that the normal method 
for combatting fluoracetate poisoning in these 
livers has been affected by X-radiation. It is 
generally agreed that the interstitial cells of 
the testis are not affected by radiation of the 
order used here (Bloom) (7) so that the re- 
action of the livers to fluoracetate after radia- 
tion is presumably not attributable to lack of 
testosterone, although the effect produced is 
comparable to that in castrated males. The 
liver is usually considered to be fairly re- 
sistant to X-radiation and there are no dif- 
ferences in mortality between male and female 
rats. This suggests that the effects of 
X-radiation on the metabolic pathways in 
liver related to citrate oxidation which are 
specific to male rats, are immaterial to the 
survival of the animal. 

Summary. The nutritional state of the 


‘animal is a determining factor in the accu- 


a all 


ry. 


Ovipucr AmMINo AcIDS AND PEPTIDES 


mulation of citrate in male, female and cas- 
trated male rats after fluoracetate poisoning; 
it is also significant when male rats are ex- 
posed to X-radiation before injection of 
fluoracetate. 


We wish to thank Professor R. A. Peters for 
drawing our attention to the observations of Dubois 
et al.(1), Dr. J. F. Loutit and Mr. M. J. Corp at 
the M.R.C. Radio-Biological Research Unit Harwell 
for irradiation of the animals, and Miss W. Yates 
for skilled technical assistance. We are indebted 
to the Medical Research Council for a grant to 
one of us (M.G.O.). 
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Amino Acids and Peptides in the Oviduct of the Laying Hen.*t 
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Hatvor N. CHRISTENSEN AND THomas R. RiGccs. 
From the Department of Biochemistry and Nutrition, Tufts College Medical School, Boston. 


Inappreciable quantities of free peptides, 
other than certain specialized structures, ap- 
pear in various tissues(1), even in tissues 
which are carrying out rapid synthesis of 
protein. This finding along with the sluggish 
capture(2) and utilization(3) of peptides by 
tissues has led us to question how extensively 
free peptides in general enter into protein 
synthesis. Anfinsen and Steinberg(4,5) how- 
ever, have observed a large dilution of iso- 
topic amino acids entering certain positions 
of ovalbumin, relative to other positions, 
during incubation of the minced oviduct of 
the laying hen. They have suggested that 
peptides present in the oviduct from the be- 
ginning of the experiment served as protein 
precursors, to produce the observed dilution 
of the labeled free amino acids. To assist in 
the interpretation of these results we have 
analyzed fresh and incubated oviducts for 


* This investigation has been supported in part 
by a grant from the National Cancer Institute of 
the National Institutes of Health, United States 
Public Health Service. 

+ We are indebted to Doctors Gerhard Schmidt 
and Maria Seraydarian for making available to us 
oviducts from hens used in their experiments. 


free and bound amino acids. 

Experimental. The oviducts were excised 
promptly after sacrifice of the hen. In each 
case, except No. 4, the oviduct contained at 
removal an egg in the later stages of forma- 
tion. The organ was divided into 2 similar 
samples; one part was immediately homogen- 
ized with saturated aqueous picric acid (10 
ml per g) in a Waring blendor. The other 
portion was minced as described by Anfinsen 
and Steinberg(4), suspended in the medium 
they describe and incubated at 37°C for 2 to 
4 hours. The suspension was then also 
treated with picric acid, 10 ml for each g of 
original tissue. The filtered extracts were 
immediately enclosed in a cellophane bag and 
dialyzed against measured volumes of water 
for 14 to 16 hours at 5°C on a rotating wheel; 
the dialysates were then analyzed immedi- 
ately for glycine(6) and a-amino acid (“car- 
boxyl”) nitrogen at pH 2.5(7) both before 
and after acid hydrolysis(8). 

Results. As shown in Table I, the fresh 
oviducts contained high levels of free amino 
acids. Calculation indicates that the cells 
were about 10 times as rich in a-amino acids 
in general, and in glycine, as was the plasma 


698 


Ovipuct AMINO AcIDS AND PEPTIDES 


TABLE I, Amino Acids and Peptides in Picrie Acid Extracts of Oviduct of the Hen. Concen- 
trations are in mM per kilo fresh tissue. 


———a-amino acids——_,, 


Non-glu- 

—— Glycine —, tathione 

Exp. No Condition Free Bound Free Bound  bound* 

1 Fresh 1.87 3.19 27.9 5.2 —1.2 < 

2 Fresh 2.10 3.24 26.7 8.1 +1.6 
Minced and incubated 2 hr 4.44 2.85 45.8 5.4 a= 
3 Fresh 1.89 3.81 27.1 6.9 — 7 
Minced and incubated 4 hr 5.58 4.16 5d. 5.4 +2.9 
+ Fresh 2.27 4.81 25.4 8.4 —1.2 
Minced and incubated 4 hr 6.11 2.86 45.1 4.6 —1.1 


* Calculated as (bound a-amino acids) minus 2 


of the hen. Since these levels were maintained 
despite the rapid synthesis of egg-white pro- 
tein which presumably had continued up to 
the moment of the sacrifice of the bird (ex- 
cept in No. 4) this organ clearly is quite 
active in concentrating free amino acids. The 
calculations show that close to one-half the 
bound amino acid residues are due to glycine. 
This proportion is characteristic of gluta- 
thione, which releases one bound glycine and 
a second bound a-amino acid structure due to 
cysteine upon hydrolysis. Hence the bound 
amino acids in the extracts appear to be due 
to glutathione; whatever substantial part may 
not be glutathione must contain glycine as 
at least half of its amino acid resdues, and any 
“pool” of peptides of random structure must 
be very small. 


The difference between the bound a-amino 
acid nitrogen and twice the bound glycine is 
recorded as the ‘‘non-glutathione bound a- 
amino acids” in the last column of Table I, 
and has a value close to zero, with an average 
value of minus 0.5 millimole per kilo of 
tissue. This value in one case was slightly 
increased after incubation, but free amino 
acids were by far the chief product of the net 
protein breakdown during incubation. Be- 
cause of the high potassium content of the 
medium, these free amino acids would be ex- 
pected to be largely extracellular. 


Discussion, The possibility must be kept 
in mind that larger intermediates in the syn- 
thesis of protein may be precipitated with the 
proteins by picric acid. Mixtures of smaller 


X (bound glycine). 


peptides, however, are recovered well follow- 
ing picric acid deproteinization(3); therefore, 
the amounts of lower peptides present in a 
free form must be small. These results ap- 
pear to set an upper limit to the amount of 
dilution which can be attributed to free small 
peptides. Unless the total amount of albumin 
synthesized in the experiments of Anfinsen 
and Steinberg is very small, it appears neces- 
sary to look for other sources of the isotope 
dilution they report than the free peptides 
present in the oviduct at the beginning of an 
experiment. 

Summary. The oviduct of the laying hen, 
either fresh or after incubation in a minced 
state, is rich in free amino acids, but the 
bound, dialyzable amino acids extracted by 
picric acid are largely limited to glutathione 
or similarly glycine-rich structures. 
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Experimental Infection of Macacus Rhesus with Rickettsia quintana 


(Trench Fever) 


HERMAN MOoosEr AND FRITZ WEYER, 


(20464) 


(Introduced by Peyton Rous) : 


From the Hygiene-Institut der Universitat, Ziirich, Switzerland, and Bernhard-Nocht-Institut, 
Hamburg, Germany. 


Of all the known rickettsiae pathogenic for 
man Rickettsia quintana exhibits the strictest 
host specificity. No small laboratory animal 
has been found susceptible to the agent of 
trench fever. So far all attempts at cultiva- 
tion of R. quintana in the chick embryo and 
in tissue cultures have failed. The same 
narrow range of susceptibility to R. quintana 
obtains with respect to blood sucking arthro- 
pods. The 2 species of lice parasitizing man, 
P. humanus and Ph. pubis, are apparently the 
sole arthropods in which R. quintana is able 
to survive and multiply(1). Codeleoncini 
reported the successful inoculation of 2 ba- 
boons, Papio doquerae(2). They reacted 
_ with intermittent paroxysms of fever similar 
to those occurring in trench fever of man. A 
small percentage of the lice (Pediculus), 
which were fed on one of the baboons, be- 
came infected with extracellular rickettsiae. 
Codeleoncini had accidentally recovered his 
strain of R. guintana from lice which had been 
reared on natives in Erythrea for the prep- 
aration of Weigl’s antityphus vaccine. Sev- 
eral cases of trench fever had occurred among 
them before he experimented with baboons. 
In a laboratory, where work is done with 
R. quintana, a small percentage of lice may 
become infected by feeders who never show 
any morbid signs. Hence the possibility that 
some of Codeleoncini’s ‘clean lice” had be- 
come infected before they were transferred to 
the baboon cannot be excluded with certainty. 
Constant control of the lice of the breeding 
stock is indispensable in order to be able to 
exclude an occasional infection of a small 
percentage of them. 

Materials and methods. Seven rhesus mon- 
keys were inoculated intravenously, each with 
a suspension in nutrient broth of the intestines 
of 9-12 heavily infected lice. Four strains of 
R. quintana were at our disposal. Four of the 
monkeys were inoculated, each with the in- 
testines of a different batch of lice infected 


with strain Ossijek. The remaining 3 mon- 
keys were inoculated, each separately, with 
one of the 3 other strains. Strain Ossijek was 
isolated in Jugoslavia from cases of trench 
fever among prisoners of war(3). Since its 
isolation this strain has caused trench fever 
in 12 persons. Nine of the cases were due to ° 
experimental inoculation. The remaining 3 
occurred spontaneously in a bacteriologist and 
2 members of his family. A thirteenth per- 
son, who was inoculated twice (a Swiss, who 
had never been outside the country), re- 
mained entirely well. Unfortunately the 
blood of that person was not examined for the 
presence of rickettsiae. The other 3 strains 
of R. quintana were isolated in Hamburg, 
Germany, between 1949 and 1953. Two of 
these strains were obtained from lice which 
had been reared and fed separately on 2 
healthy laboratory aides with no previous his- 
tory of trench fever. According to previous 
conceptions these 2 strains would have to be 
classified as R. pediculi, Rocha Lima, 1917. 
The third strain was recovered from a person 
who had acted as feeder of lice during several 
years. He fell ill on December 20, 1952, with 
intermittent fever and headaches. Lice fed 
on him in the hospital during a whole week 
remained free of rickettsiae. Nevertheless, 
trench fever was suspected and the patient 
received an intensive treatment with aureo- 
mycin which was followed by prompt and 
lasting result with respect to clinical symp- 
toms. However, 100% of the lice fed on him 
after his discharge from the hospital in Jan- 
uary 1953 showed R. quintana. At present, 
end of May, he still infects a high percentage 
of the lice. These Hamburg strains have been 
kept going exclusively by Weigi’s method 
since their isolation. 

The feeding of Pediculus on monkeys is a 
tedious and cumbersome procedure. We 
therefore had recourse to Weigl’s method, 
viz., the rectal inoculation of clean lice with 
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Rhesus INFECTION WITH Rickettsia quintana 


FIG. 1. Temperature chart of M. rhesus No. 1, inoculated on 9/29/1952, with strain Ossijek. 


L—, lice showed no rickettsiae. 


Days ep 
| invcufanion:| 1 


L+, lice showed rickettsiae. 


BIG, 2. 


Temperature chart of M. rhesus No. 2, inoculated on 11/21/1952, with strain Hagel I 


(Hamburg). L—, lice showed no rickettsiae. L+-, lice showed rickettsiae. 


a drop of blood drawn from the ears of the 
inoculated monkeys. It was diluted 1:5 with 
broth to prevent coagulation. Each louse re- 
ceived a single inoculation. In 3 instances 
lice were allowed a single feeding on a given 
monkey. In 7 louse tests performed with the 
monkeys’ blood, the lice were inoculated 
through the vagina into the celom. There- 
after all lice were fed on a healthy person. 
The stocks of lice, from which batches were 
removed for the louse tests, were controlled 
by the daily examination of stained smears 
of the feces which had accumulated in the 
feeding boxes and by the examination of 
smears of the guts of frequent samples of lice 
taken from the stocks. The intracelomic 
inoculation served as an additional check of 
the origin of the rickettsiae which appeared 
in the lice which had fed on or which had 
been inoculated with the blood of a given 
monkey. R. quintana multiplies abundantly 
in the celom of the louse(4). The rickettsiae 
are easily demonstrated in a smear of the 
small drop of hemolymph which extrudes from 
the stump of an amputated leg. An admix- 
ture of intestinal contents with the lymph is 
impossible by this procedure. Rickettsiae 


found in the hemolymph of the lice intra- 
celomically inoculated with the blood of one 
of the monkeys could therefore not derive 
from one of the human louse feeders. The 
first louse test on each monkey was performed 
6-9 days after its inoculation, with one ex- 
ception. The tests were repeated at intervals 
of about 12 days until the infectivity for lice 
of the blood of a given monkey had ceased. 
For each test 25 to 50 lice were used. All the 
lice which survived 5 days were examined for 
the presence of rickettsiae. 

Course of infection in M. rhesus. None of 
the 7 monkeys showed definite signs of dis- 
ease. Some of them seemed somewhat more 


restless and irritable than usual at the begin-_ 


ning of the blood invasion with rickettsiae, 
about 6-7 days after inoculation. The rectal 
temperature, taken every morning except Sun- 
days, did not show any impressive alterations. 
In 3 monkeys there were slight peaks above 
the normal temperature range at irregular in- 
tervals, suggesting temperature curves of mild 
cases af the disease in man. 

In the 4 remaining animals the tempera- 
tures remained entirely within normal limits 
during the whole course of observation, 42 to 
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100 days, respectively. 

Rickettsemia. R. quintana appeared in the 
blood of all the 7 monkeys. The rickettsemia 
lasted from 10 to 82 days as estimated from 
the length of the interval between the first 
and the last positive louse test performed on 
each monkey. In 6 monkeys the first blood 
withdrawal for the louse test was performed 
6, 7, 8, 8, 9, and 16 days, respectively, after 
the monkeys had been inoculated. All tests 
were positive. The blood of the 7th monkey 
was negative on the 7th day, positive on the 
16th. The degree of the rickettsemia could 
be estimated approximately in each monkey 
from the percentage of lice which became 
positive in each consecutive test. In the lice 
which had been inoculated rectally, the pro- 
portion of positive lice reached from 39 to 
100%, respectively. Materially the same 
percentages of positive lice were obtained with 
intracelomic inoculation. Of the 3 batches of 
lice which were fed, each on a different mon- 


_key, one batch consisted of freshly hatched 


larvae, the other 2 consisted of adult females. 
Ten per cent of the larvae became infected 
with R. quintana, whereas of the females 79 
and 100%, respectively, became infected. 
The last positive louse test performed on each 
monkey scored 4 to 24% of infected lice. 
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Considering the fact that the lice received 
either a single intrarectal or intracelomic in- 
jection of blood diluted 1:5, or were allowed 
only a single feeding, the high percentage of 
positive takes indicated a considerable degree 
of rickettsemia in all our monkeys. After a 
single feeding on a human case of trench 
fever, the percentage of lice showing rickett- 
siae, in our experience, may be much lower 
than that observed in these 7 rhesus monkeys. 


Summary. Rhesus monkeys were success- 
fully inoculated with one or another of 4 
strains of R. guintana. Several of the animals 
showed a long-lasting rickettsemia. As is the 
case in trench fever of man, the infection in 
some of the monkeys remained subclinical. 
There was no correlation between clinical 
manifestations and the degree of rickettsemia. 
The rhesus monkey is a satisfactory animal 
for the experimental study of trench fever. 


1. Weyer, F., Z. Tropen. Parasitol., 1952, v3, 302. 

2. Codeleoncini, E., Boll. Soc. Ital. Med. Ig. Trop, 
1946, v6, 129. 

Ss Mooser dH: Iceeman;,e-Ay, \Chao, ssh) and: 
Gubler, H. U., Schweiz, Z. Path. Bakt., 1948, v11, 
513% 

4, Weyer, F., Z. Tropen. Parasitol., 1950, v2, 40. 
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(Introduced by R. T. Hill) 


(With the technical assistance of Doren E. Bergstresser) 
From the Department of Tropical Disease Research, Division of Research and Industry, University 
of Miami and the Veterans Administration Hospital, Coral Gables, Fla. 


Since the Ch factor was first reported(1), 
our efforts have been directed toward the de- 
velopment of high titer anti-Ch serum devoid 
of any heterospecific agglutinins and to extend 
our observations to individuals of all blood 
groups rather than limiting our studies to in- 


‘ 


* Reviewed in the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions published 
by the author are the results of his own study and 
do not necessarily reflect the opinion of the Veterans 
Administration. 


dividuals of blood group O, as was previously 
done. 

Preparation of anti-Ch serum. Prior to 
starting the immunization, the sera from 
young, male rabbits were tested for their nor- 
mal heterospecific titer using OMN _ Rh- 
positive washed human erythrocytes for the 
determination. In no case were rabbits em- 
ployed which showed the presence of species 
agglutinins in a titer exceeding 1-32. Follow- 
ing such screening, immunization with washed 
chimpanzee cells was started. Two male 
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chimpanzees (Pan troglodytes verus) both 
OM Rhohr’ were employed. These were se- 
lected from the group recently described by 
the author (2). 


Immunization was started by the intraven- 
ous injection of a 20% sterile saline suspen- 
sion of washed (3 times) chimpanzee cells. 
The usual amount initially injected was 2 ml. 
In general, these were followed in one week 
by a second intravenous injection of a 20% 
cell suspension from the same chimpanzees. 
Seven days following the second injection, 
blood was withdrawn from the rabbits and 
the serum, after inactivation, was checked for 
titer against OMN Rh-positive human cells. 
Generally, we found that the titer was now 
1-256. Similar injections at weekly intervals 
were usually given intraperitoneally and con- 
tinued until a titer of 1-1024 to 1-2048 was 
obtained when checked separately against a 
2% suspension of washed A, B, O, and AB 
human cells. When such titers were reached, 
blood from all rabbits was withdrawn from 
the heart. This was allowed to clot and clear 
serum obtained by centrifugation. If any 
hemolysis was present, the serum was rejected. 


Absorption technic. After inactivation at 
56°C for 30 minutes, the sera were pooled 
prior to absorption. In order to reduce hemo- 
lysis which usually developed after repeated 
absorptions of high titer sera with packed 
human erythrocytes, our initial step was to 
absorb the serum with given volumes of 
stromat from group A and B, Rho-positive 
human erythrocytes. Each volume of stroma 
represents an equivalent volume of mixed A 
and B cells. Table I shows the results ob- 
tained throughout 3 absorptions with vary- 
ing amounts of stroma and varying con- 
ditions of absorption. It should be noted 
that the third stroma absorption failed to 
alter the titer of the serum and only slightly 
modified the degree of agglutination of cells 
in any of the serum dilutions employed. Fur- 
ther absorptions were carried out with washed 
packed human cells, as described in Table I, 


+ The stroma used in these absorptions was gener- 
ously donated by the Medical Research Foundation 
of Dade County, Miami, Fla. The preparation of 
this has, to date, not been published 


TABLE I (continued). 


—— Dilution of serum after addition of cell suspension (figure below each dilution indicates degree of agglutination) — 


Cell 
suspension™ 


Absorp- 


1-8192 1-16384 


1-1024 1-2048 1-4096 


1-128 1-256 1-512 


1-64 


1-4 1-8 1-16 1-82 


1-2 


tion No. 


Date 


Serum reabsorbed with half vol of packed washed OMN, Rho-positive human erythrocytes (Negro donor) for 2 hr at 30°C with constant agitation 


3+ 
3+ 
3+ 


4 
Serum reabsorbed with half vol of packed washed OMN, Rho-positive human erythrocytes for 2 hr at 31°C with frequent agitation 


HSH SH 


HSH SH 


st SH SH 


Group A 
B 
O 


~H 


H 


Ht 


Chimpanzeet 


odoins 


ANA tH 


+4 


OD oD OD <H 


Group A 

B 

O 
Chimpanzeet 


* Mixture of washed cells from 2 or more group A, B or O humans. All mixtures contained cells of M and N types and all were Rho-positive. 


+t Washed cell suspensions. 
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until no further reduction was noted in the 
reaction with chimpanzee cells. We consider 
the values, after a total of 8 absorptions, rep- 
resent the titer of the specific Ch antibody. 

It was possible, by an additional absorption 
with OMN Rh-positive human cells, to re- 
move the antibody so that the serum failed 
to react with human cells of any blood group. 
However, absolutely no alteration resulted in 
the degree of agglutination of chimpanzee cells 
in any serum dilution and the end-point re- 
mained constant (1-512). After the titration 
of absorbed serum, the undiluted serum was 
filtered through a Seitz filter and to this fil- 
trate was added Merthiolate (1-10,000). 
Tests showed that such treatment failed to 
alter further the titer of the serum. 

Slide test. Using the serum absorbed to the 
point where agglutination of human cells still 
occurred in a titer of 1-8, a screening test was 
performed. For this purpose, 3 or 4 drops of 
finger blood were placed on a slide to which 
one drop of the anti-Ch serum was added. 
These were mixed by means of a wooden ap- 
plicator to cover an area of approximately 
two-thirds that of the slide. The slides were 
then placed on a viewing box at a temperature 
of 42°-45°C and tilted back and forth for a 
period of 2 minutes. The interval after which 
agglutination was first apparent was reported 
as the “appearance time” and the relative de- 
gree of agglutination was recorded at the end 
of 2 minutes. 

Results of slide tests. Before starting 
studies on human bloods, we tested the blood 
of several chimpanzees, spider monkeys 
(Ateles geoffroyi), rabbits and mice. Two 
male chimpanzees (Pan troglodytes verus) 
and one female pygmy chimpanzee (Pan 
paniscus) were tested. One of the males was 
OM Rhohr’, the other male and the female 
‘were AM Rhohr’. All 3 chimpanzees’ blood 
reacted with the anti-Ch serum in 5 seconds 
and all showed a complete agglutination re- 
action with this serum within 2 minutes. 

The bloods of spider monkeys, rabbits and 
mice failed to react with the anti-Ch serum 
within the 2-minute period. 


We first tested 57 Negroes by this method. 


Of these, 55 (96.5%) were Ch-positive and 
2 (3.5%) were found to be Ch-negative. We 


of C.W. (No. 3-7). 
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TABLE II. Slide and Tube Agglutination Reactions of Chimpanzee and Human Erythrocytes with Anti-CH Serum, with Special Reference to Family 


Tube test 
Serum dilutions after addition of cell suspeasions 


r 


7—— Slide test ———, 


Blood 


React. time . 


1-512 1-1024 


1-16 1-32 1-64 1-128 1-256 


1-8 


1-2 


group App.time after 2 min. 


Sex Race 


Description 


No. 


1-4 
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Ferg 


HH | | 


Ht cH 


tt SH 


SH St SH 


$ 
3} 
” 
2 
$ 


Chimpanzee 
” 
’ 


M 
G 


en 


OO SH ID 6S be 


* Pygmy chimpanzee. 


+ Rh-positive when tested with anti-Rho (anti-D) serum. 


NR = Not run. 
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were forced to limit our studies on Whites to 
35 as our available supply of absorbed serum 
was practically depleted. Of these, 34 
(97.1%) were Ch-positive and one (2.9%) 
was Ch-negative. The ABO group and the 
MN and Rh types in both Whites and Ne- 
groes were distributed within the limits of 
recognized percentages. 

Tube test. To study further the individuals 
whose blood gave a negative slide test, we 
prepared serial dilutions of anti-Ch serum 
with saline. To each dilution, an equal vol- 
ume of a 2% washed cell suspension of the 
individual’s blood was added, the contents 
agitated and then centrifuged at 2,000 r.p.m. 
for 3 minutes. The degree of agglutination 
was then determined by examination over a 
viewing box. 

Results of tube tests. Tube tests with 
chimpanzee blood and anti-Ch serum con- 
firmed results of slide tests. Regardless of 
species, sex or blood group, the degree of ag- 
_ glutination in each serum dilution is almost 
identical and the end-point (1-512) is the 
same in each. 

We selected at random from the slide tests, 
one White and one Negro who showed a mini- 
mal appearance time and a maximal agglu- 
tination after 2 minutes. Reference to Table 
II shows their reaction in the tube test as 
compared to the chimpanzee and those indi- 
viduals who were negative on the slide test. 
Since the families of Nos. 2 and 9 (Table IT) 
were not available, our studies in the genetics 
of this factor were limited to the family of 
No. 3. The blood of his mother, father and 
2 sisters were checked and the results are 
shown in Table II. From these data, we as- 
sume the father to be homozygous Ch-positive 
while the mother was homozygous Ch-nega- 
tive; whereas the children were heterozygous 
Ch-positive, thereby strongly suggesting that 
the Ch agglutinogen is a transmitted Mendel- 
ian dominant. 
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Summary. In our first paper describing 
this factor, the serum was diluted 1-10 prior 
to a single absorption with washed packed 
OMN Rbh-positive human erythrocytes. Our 
present serum has been absorbed, undiluted, 
under varying conditions, 3 times with cell 
stroma from group A and B human erythro- 
cytes and 5 times with washed packed human 
erythrocytes of groups A, B, and O. It is of 
interest that all chimpanzees of both group 
A and group O and of both sexes, reacted in 
almost an identical manner when tested by 
either the slide or tube test method. One of 
these was a pygmy chimpanzee (Pan panis- 
cus). After 6 absorptions (Table I) no al- 
teration in the titer occurred with chimpanzee 
cells. Although our studies are not complete, 
we have presented the following facts: That 
an anti-chimpanzee (anti-Ch) serum of high 
antibody titer has been developed by repeated 
injections of washed chimpanzee cells into 
rabbits. That the great majority of both 
Whites and Negroes contain the Ch agglutino- 
gen, in varying degrees, in or on their eryth- 
rocytes. Individuals do exist, however, whose 
erythrocytes completely lack this hemagglu- 
tinogen. That, as in all other human blood 
factors, the Ch factor is an apparently in- 
herited characteristic, transmitted as a Men- 
delian dominant and that it is not associated 
with any of the recognized hemagglutinogens 
of man. We are continuing studies on a rela- 
tively large number of individuals of different 
races in an effort to further determine the 
racial distribution of this factor and to enable 
us to work out, in a more comprehensive man- 
ner, the genetics of our problem. 


1. Butts, D. C. A.. Am. J. Trop. Med., 1950, v30, 
663. 
oe 
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Further Modification of the Mouse Adapted Type II Poliomyelitis Virus. 
(20466) 


C. P. Li aNpv Morris SCHAEFFER. 


From the Communicable Disease Center, Public Health Service, U. S. Department of Health, 
Education, and Welfare, Montgomery, Ala. 


Recently, Li and Habel(1) reported the 
adaptation of poliomyelitis Type III (Leon) 
virus to mice, employing the intraspinal route 
(2). This has been confirmed by Casals 
et al.(3). The virus was pathogenic only after 
intraspinal inoculation and could be recovered 
from the spinal cord, but not from the brain. 
Although the incubation period was relatively 
short, usually 4-10 days, it was inconstant. 
In addition, the low virulence of the virus 
limited its usefulness in laboratory and field 
studies. For this reason attempts were made 
to increase its virulence for mice by a number 
of procedures, including the use of cortisone, 
varying host ages and strains, and exposure 
of mice to cold before and after inoculation. 
None of these was successful. With consecu- 
tive mouse passage, however, despite some 
fluctuation, the virulence gradually increased. 
This was particularly obvious after 69 pas- 
sages, when the incubation period was sharply 
reduced. 

Materials and methods. The mouse adapted 
Type III (Leon) virus, originally reported by 
Li and Habel(1), was brought to this labora- 
tory in its 54th passage. Consecutive passage 
in mice was then made by the intraspinal 
route with 10% or 20% cord suspension de- 
rived from paralyzed mice and inoculated into 
4- to 6-week-old CFW mice. 

Hyperimmune serum was prepared in mon- 
keys with adjuvants following the procedure 
of Ward et al.(4) against Type I (Brunhilde), 
Type II (Lansing), and Type III (Leon) 
monkey propagated stock viruses. The tech- 
nic for tissue culture utilized in this study was 
described previously(5) and the technic of 
neutralization tests is described elsewhere(6). 

Experimental. A number of methods were 
employed in an effort to increase the virulence 
of the virus, but it appears that this occurred 
spontaneously with consecutive mouse pas- 
sages, and notably after the 69th passage. 
Two obvious changes in the behavior of the 


TABLE I. Comparison of Titration of Earlier and 
Later Passage Mouse-Adapted Leon Virus. 


Dilution of virus 


Passage 10+ AQ AOS 10-* 
Pool of mouse pas- 4/ 3°" 2/47 078 
sage 20, 21, 22 
Pool of mouse pas- a laly Ailey ay Alla se cay alles =) (byl: 


sage 72, 73, 74 


* No. mice paralyzed/No. inoculated. 


virus took place. These were an increase of 
the titer of the virus in the mouse cord and a 
shortening and fixing of the incubation period 
(Tables I and II). 


In the early passages, the inoculation of a 
20% mouse cord suspension did not paralyze 
all the mice. .When such a suspension was 
mixed with serum and .02 ml of the mixture 
was inoculated intraspinally into mice, the 
PDso was less than one log. It was not suita- 
ble, therefore, for neutralization tests. In the 
later passages, the titer increase to 10° to 
10-°-° so that the inoculation of a mixture of 
20% virus suspension and serum represents 
30-100 PDs5o, a dose more adequate for relia- 
ble and reproducible results. In the early pas- 
sages the incubation period was not constant 
and varied from 4 to 10 days or longer, while 
in the later passages the incubation period 
not only was shortened but also became more 
constant. An occasional shortening of incu- 
bation period to 2 days was first observed on 
the 69th passage. 


In carrying out neutralization tests on 
about 110 human serum specimens with this 
virus, entirely clear-cut results were obtained 
(6). Out of 587 mice inoculated in these 
tests, 435 became paralyzed and of these more 
than 80% were paralyzed within 7 days after 
inoculation. This characteristic of the modi- 
fied virus enhances its usefulness in labora- 
tory and field studies. 


Besides the 2 main changes noted, the virus. 


can now occasionally infect mice by the intra 
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TABLE II. Comparison of Incubation Period of Earlier and Later Passage Mouse-Adapted 


Leon Virus. 
Suspension, Avg incub. 
Passage % Paralysis Incubation period period (days) 
55 20 17 /22* 3°t, 4, 5°, 6, or SE 5.8 
s 20 13/18 dt 54, 62,74, 10" 5.7 
70 10 Wy a gear 35 
: 2 ‘ 3.5 
74 10 8/8 eos 3.0 


* No. mice paralyzed/No. inoculated. 


+ 2 mice paralyzed on 3rd day. 


TABLE III. Neutralization Tests with Modified Mouse-Adapted Leon Virus against Monkey 
Immune Sera. 


Serum of monkey immune to types 
ie 


I ] Normal monkey 
Brunhilde Lansing Monkey Leon serum 
Undil. 1/10 Undil. 1/10 Undil. 1/10 Undil. 1/10 
Paralysis* 8/9 9/10 10/10 9/9 0/10 3/10 9/10 9/9 


* No. mice paralyzed/No. inoculated, observed 11 days. 


cerebral route. This was also recently ob- 
served by Habel(7). The serologic specificity 
of the virus has not been altered. It is still 
specifically neutralized by Leon immune serum 
‘but not by other antipoliomyelitic sera 
(Table IIT). 

The original Leon virus had a high degree 
of virulence for the monkey. With passage 
through mice the virulence appears to be de- 
creasing. A 20% mouse cord suspension of 
the 73rd passage was inoculated into 2 adult 
rhesus monkeys by the intracerebral route. 
One of them became paralyzed on the 14th 
day, showing typical histopathological lesions 
in the cord. The other remained asympto- 
matic for an observation period of over 45 
days when it was sacrificed and showed no 
histopathologic lesions in the CNS. Virus 
from mouse cord in the 73rd mouse passage 
was cultivated in monkey testis tissue culture. 
After 6 serial passages in this tissue culture, 
the tissue culture fluid was inoculated intra- 
cerebrally as well as intranasally to 2 rhesus 
monkeys. One remained well for 30 days; 
the other showed slight weakness of the left 
leg in the second week after inoculation but 
recovered rapidly. Histopathologic examina- 
tion of this monkey, sacrificed on the 30th day 
after inoculation, revealed the typical lesions 
of poliomyelitis in recovery phase. 

A rather interesting observation involving 
virulence was made in the course of study 
with this virus. When the virus from infected 


mouse cord suspension was transferred to 
monkey testicular tissue culture, cellular de- 
generation occurred in 4-9 days. However, 
when the pooled fluid harvested successively 
within a period of 3 weeks or ground tissue 
fragments from such infected cultures were 
inoculated into mice intraspinally, the viru- 
lence was lost entirely or was greatly reduced 
(Table IV). This occurrence is in distinct 
contrast with the behavior of the mouse- 
adapted Type I (Mahoney) virus which when 
grown in monkey testicular tissue culture in- 
fects mice quite readily(8). Further studies 
with respect to the virulence of this virus are 
in progress. 

Summary. A further modification of the 
mouse-adapted Leon virus is described. With 
successive mouse passages the virulence for 


TABLE IV. Virulence Loss of Mouse-Adapted 


Leon Virus after One Tissue Culture Passage. 


Avg in- 
Mouse pas- Inoculated cubation” 
sage No. into: Paralysis period 
P55 mice 6/10 Ths) 
P55 pices mice 1/9 7.0 
P56 eae: ced 0/10 Onan 
P72 mice 6/8 3 
P72 teCal vi 2/8 7 
P73 te Cu$ 3: 0/10 0 
P79 mice 64/72 3 
P79 tes" 23 4/40 5.2 


* Undiluted fluid of tissue culture inoculated to 
mice. os 
+ Tissue fragments inoculated to mice. 
t Six consecutive passages in tissue culture. 
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mice has spontaneously increased and the in- 
cubation period has become shorter and more 
constant. Passage from mice to tissue culture 
results in loss or marked reduction of viru- 
lence for mice. This modified virus can be 
employed quite satisfactorily for serum neu- 
tralization tests and makes available an addi- 
tional field and laboratory tool for poliomye- 
litis research. 


1: Li,, C.; P| and. Habel, Karl) Proc. Soc) Exp: 
Brot. AND Mep., 1951, v78, 233. 
2, Habel, Karl, and Li, 'C. P., Proc: Soc. Exe. 
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Brot. AND Mep., 1951, v76, 357. 

3. Casals, J., Olitsky, P. K., and Brown, L. V., 
Proc. Soc. Exp. Brov. AND MeD., 1952, v80, 731. 

4. Ward, Robert, Rader, D., Lipton, M. M., and 
Freund, Jules, Proc. Soc. Exp. Brov. AND MEp., 
1950, v74, 536. 

5. Li, C. P., and Schaeffer, M., Science, 1953, v118, 
107. 

6. , in preparation. 

7. Habel, Karl. Personal communication. 

g. Li, C. P., and Schaeffer, M., Proc. Soc. Exe. 
Biov. AND Mep., 1953, v82, 477. 
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Effect of Cold and Restraint on Blood and Liver Non-Protein Sulfhydryl 


Compounds. 


(20467) 


R. G. Bartlett AND U. D. ReEctster. (Introduced by D. W. Visser) 


From the Departments of Physiology and Biochemistry, School of Medicine, College of Medical 
Evangelists, Loma Linda, Calif. 


Beck and Linkenheimer(1) have reported 
a drop in concentration of liver non-protein 
sulfhydryl (glutathione) in mice exposed to 
cold and indicated that this fall in concen- 
tration was not due to the fall in body tem- 
perature which occurred(2). In the present 
studies 2 groups of rats (restricted and un- 
restricted) were exposed to cold. Liver and 
blood ergothioneine (ESH), 
(GSH), and total non-protein sulfhydryl 
(TSH) concentrations were compared with 
values for control animals. 

Methods and materials. Wealthy adult 
Sprague-Dawley rats were used: The 21 
males (250-300 g) and 21 females (180-250 
g) were divided into 3 groups each: 7 controls 
exposed at 22°C, 7 unrestricted exposed at 
0°C, and 7 restricted exposed at O°C. The 
control rats were housed in regular laboratory 
cages until time of sacrifice while the latter 
2 groups were placed, for periods varying be- 
tween 2 and 4 hours, in a refrigerator set to 
maintain a temperature of O°C + 2°C. The 
duration of exposure was determined by the 
time necessary for the rectal temperatures of 
the restricted animals to fall to between 15 
and 25°C. Restraint was produced by means 
of a loose fitting wire mesh cylinder. All the 


glutathione - 


~ animals ‘were stunned with a blow on the 
head, blood obtained with a cardiac puncture © 


and liver excised immediately and frozen with 
dry ice. ESH was determined by a modified 
method of Hunter(3); GSH by a modifica- 
tion of the method of Grunert and Phillips(4) 
and TSH by amperometric titration using a 
modification of the method of Benesch and 
Benesch(5). Details of the modifications will 
be published (6). 

Results. As shown in Table I, no signifi- 
cant change in GSH or TSH concentration in 
the blood of rats was produced by restraint or 
cold. There was a slight drop in ESH. Simi- 
lar treatment produced no change in ESH 
concentrations of the liver. However, there 


was a significant drop in the concentration of 


GSH and TSH in the livers of the restricted 
animals as compared to the control animals 
and to those which were maintained unre- 
stricted in the cold. The fall in concentration 
of both GSH and TSH of the liver was more 
marked in the females than in the males un- 
der the conditions of the present experiment. 

Discussion. The data showing a decrease 
in liver TSH in animals maintained in the 
cold are in agreement with the work of Beck 


and Linkenheimer (1,2). They measured only 
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TABLE I. Effect of Cold and Restraint on Rat Blood and Liver Ergothioneine, Glutathione 
and Total Non-protein Sulfhydryl Concentrations. 
yar} 


Ergothioneine, 


Glutathione, - Total non-protein 


uM % uM % sulfhydryl, uM % 
Liver 
Controls (22°C) a 89.3 + 2.3t 765 + 19 955 + 16 
Body temp. (38-40°C) Q 722 = 21 821 + 37 
Unrestricted (0°C) a 96.6 + 4.5 729 + 44 863 + 31 
Body temp. (37-39°C) 9 667 + 14 me 
Restricted (0°C) a 83 + 3.8 612 + 27 742 + 382 
Body temp. (15-25°C) fe) 480 + 17 581 + 37 
Whole blood 
*Controls (22°C) 3 WS) Sees: Leese) 1544 5 
*Unrestricted (0°C) 3 13.0 + 0.3 99+ 5 161+ 9 
*Restricted (0°C) A DAS = 059 108+ 8 161 + J0 


* No significant difference in the hematocrit (avg value — 47). 


+ Stand. error of the mean. 


a 1-2°C drop in body temperature of unre- 
stricted mice(1). This was essentially the 
same as the fall in rectal temperatures occur- 
ring in the unrestricted rats in the present 
series. It has been demonstrated by Bartlett 
et al.(7,8) that the stress of restraint, as used 
here, is at least partially emotional in nature. 
By the use of such stress body temperatures 
of small mammals are made to fall precipi- 
tously(7,8). Whether the marked decrease 
in liver GSH and TSH was due to the low- 
ered body temperature or to the emotional 
stress is not known. Studies are under way 
to clarify this point. Beck and Linkenheimer 
reported(2) that the fall in body tempera- 
tures was not responsible for the fall in liver 
TSH in mice. Mortensen(9). has suggested 
that blood GSH may be maintained at the 
- expense of liver GSH. The present studies 
seem to indicate a similar relationship. It is 


noted in Table I that the drop in TSH in the ~ 


liver is primarily due to a drop in the concen- 
tration of GSH. 

It has been suggested that one of the func- 
tions of GSH is to maintain enzymes in their 
active sulfhydryl form(10). Since a number 
of enzymes in carbohydrate and lipid metab- 
olism depend upon glutathione and other 
sulfhydryl compounds such as coenzyme A for 
their activity, any lowering of sulfhydryl 
compounds in the blood or liver may interfere 
with carbohydrate and lipid metabolism. 
Perhaps the low levels of GSH coupled with 
the low liver glycogen levels (qualitatively 


noted) resulted in a decreased ability to sup- 
ply energy which could have been a factor in 
the loss of body temperature. 


Summary. Adult male and female Sprague- 
Dawley rats were exposed to cold. Half of 
those so exposed were stressed by use of re- 
straining cages. Ergothioneine (ESH), gluta- 
thione (GSH), and total non-protein sulf- 
hydryl compounds (TSH) of blood and liver 
were determined. There was a slight fall in 
blood ESH and no change in blood GSH or 
TSH. Simultaneous exposure to cold and re- 
straint produced a significant fall in liver 
GSH and TSH, but not in ESH. 


1. Beck, L. V., and Linkenheimer, W. H., Proc. 
Soc. Exp. Brox. AND Mep., 1952, v81, 291. 

2. Linkenheimer, W. H., and Beck, L. V., Fed. 
Proc., 1953, v12, 88. 

3. Hunter, G., Canad. J. Res. Sect. E., 1949, v27, 
230. 

4. Grunert, R. R., and Phillips, P. H., Arch. Bio- 
chem., 1951, v30, 217. 

5. Benesch, R. E., and Benesch, R., Arch. Biochem., 
1950, v28, 43. 

6. Register, U. D., to be published. 

7. Bartlett, R. G., Helmendach, R. H., and 
Bohr, V. C., Proc. Soc. Exp. Brot. anp Mep., 1953, 
v83, 4. 

8. Bartlett, R. G., Bohr, V. C., and Helmendach, 
R. H., to be published. 

9. Mortensen, R. A., J. Biol. Chem., in press. 

10. Barron, E. S. G., Advances in Enzymol., 1951, 
v1l, 201. 
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Effect of Repeated Zirconium Citrate Injections on Distribution of 


Plutonium in the ‘Rat.* 


Patricia L. HACKETT. 


(20468) 


(Introduced by Austin M. Brues) 


From the Biology Section, Radiological Sciences Department, General Electric Co., Richland, Wash. 


Schubert has shown that early administra- 
tion of zirconium citrate to rats injected with 
plutonium results in a marked decrease in the 
skeletal deposition of this element(1). An 
additional experiment by the same worker 
demonstrated that the skeletal content of 
plutonium was nearly independent of the 
amount of zirconium injected (with a mini- 
mum amount of zirconium between 5.1 and 
12.3 mg/kg) and of the number of doses of 
zirconium given, although the author believed 
that prolonged treatment with zirconium 
citrate would probably effect actual removal 
of plutonium from bone(2). 


Most of the previous information(1-3) on 
the administration of zirconium citrate to 
animals receiving plutonium has been derived 
from relatively short-term experiments (3-6 
days). The purpose of this report is to pre- 
sent some preliminary data on the effect of 
divided doses of zirconium citrate over a 
longer period of time. : 


Methods. Sixteen Sprague-Dawley male 
rats with weights averaging 290 g were di- 
vided into 4 groups of 4 rats each. Rats in 
the zirconium toxicity control group received 
15 injections (3 per week), intraperitoneally, 
of 4 ml of a “‘zirconium citrate” solution pre- 
pared according to Schubert(1) and contain- 
ing 12.8 mg zirconium per ml. All rats in the 
remaining 3 groups received a single intra- 
peritoneal injection of 27.3 wg of Pu (IV) in 
2 ml of 2% citric acid solution adjusted to 
pH 5.6. One of these plutonium-injected 
groups did not receive zirconium injections. 
Zirconium citrate was administered to the 
second group as described above for the tox- 
icity control group, the first injection being 
given 30 minutes after the animals had re- 
ceived plutonium. The last group received 
zirconium citrate injections commencing 32 
days after the plutonium injection. 


* Based on work performed under contract W-31- 
109-Eng.-52 for the Atomic Energy Commission. 


It was planned to sacrifice all animals 71 
days after the plutonium injection, but 3 ani- 
mals were killed early because of a respiratory 
infection and otitis media. Corresponding 
animals from other groups were sacrificed at 
the same time for comparison. 

Upon sacrifice, the viscera were removed 
and the remainder of the animal autoclaved 
for 30 minutes at 15 lb steam pressure to 
facilitate separation of the skeleton. The loss 
of plutonium from the bone when this pro- 
cedure was used was found to be insignificant. 
Skeleton, liver, spleen, and residual carcass 
were ashed with concentrated nitric acid and 
the resulting acid solution was pipetted onto 
planchets for counting(4). 

Results and discussion. Fig. 1 shows the 
average weight curves for the 4 groups of rats. 
Two rats which exhibited large weight losses 
due to respiratory infection were excluded 
from the averages. It is evident that the 
zirconium citrate injections were accom- 
panied by significant weight loss, and the 
weight gains followed termination of these in- 
jections. Histological study of the livers of 
the zirconium toxicity control rats showed no 
evidence of damage. These results are similar 
to those obtained by McClinton and Schu- 
bert(5). 

Results of plutonium analysis are shown 
in Table I. Animals 1 and 9 should probably 
not be considered in comparisons, since they 
lost about 30% of their initial weight before 
sacrifice. 

The previously reported effect of early zir- 
conium citrate treatment on skeletal deposi- 
tion of plutonium is clearly confirmed. A 
6-fold reduction in skeletal deposition is seen 
in rats 5, 6, and 7, and about a 12-fold re- 
duction in rat 8; however, the plutonium 
content of all the various tissues from rat 8 
is uniformly low. 

Perhaps the most interesting finding of this 
study was the very marked increase in reten- 
tion of plutonium in the soft tissues (residual 
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carcass) which resulted from the early zir- 
conium citrate treatment. The 2 rats sacri- 
ficed during the zirconium citrate treatment 
(5 and 6) retained 6 to 9 times as much 
plutonium in the residual carcass as did the 
controls. Even a month after termination of 
the zirconium citrate treatment, rats 7 and 8 
had 2 to 5 times as much plutonium in the 
residual carcass as did the controls. In pre- 
venting the skeletal deposition of plutonium, 
the long-term administration of zirconium 
citrate had also the positive effect of fixing the 
plutonium in the soft tissues. These findings 


40 
TIME IN DAYS 


Ae 


are not in complete accord with later work 
from this laboratory(6); however, previous 
workers(7) have suggested that the eventual 
tissue distribution of the zirconium colloidal 
aggregates on which the circulating plutonium 
is adsorbed is a function of the colloid’s par- 
ticle size. It may be that minor variations in 
the procedure for preparing the zirconium 
citrate solution would result in a change of 
particle size. 

Because of the enhanced soft tissue reten- 
tion of plutonium, the effectiveness of the 
zirconium citrate treatment in decreasing the 


TABLE I. Retention and Distribution of Plutonium. 


Time of sac- -—— % of injected plutonium retained —_, 
Animal rifice (days No. Zr Total mg Residual 

Group No. after Puinj.) injections Zrinjected Liver Spleen Skeleton carcass Total 
Pu control il 20 — — 3.4 29 46 6.9 57 
2t 62 — — ils¢ .39 66 4.7 73 
3 71 — = 3.1 45 62 5.0 70 
4 71 —_ = 4.1 44 70 4.6 79 
Early Zr 5t 20 9 463 7.3 52 11 44 63 
treated 6§ 27 12 617 4:07 228 11 31 46 
if galt 15 771 4.0 03 11 23 39 
8 al 15 Cit! 2.1 14 dL 10 19 
Late Zr 9|| 56 9 463 .89 alal 29 5.7 36 
treated 109 62 11 565 2.3 47 63 4.6 70 
it al 15 771 4.0 20 58 7.6 70 
12 rigid 15 771 _ 18 53 10 —_— 


* Died of respiratory infection after large wt loss. 
i Sacrificed early for comparison with control #1. 


+ Died suddenly of respiratory infection. 
§ Sacrificed after development of respiratory 


infection. || Sacrificed after large wt loss for comparison with rat #5. { Sacrificed early 


for comparison with control #2. 
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total plutonium body burden is much less 
dramatic than is its effect on skeletal deposi- 
tion. By a comparison of the total injected 
dose retained in the Pu controls and the early 
zirconium treated animals it appears, how- 
ever, that this plutonium retained in soft 
tissue may be lost from the body at a consid- 
erably faster rate than plutonium deposited 
in the skeleton. It also seems evident that 
the soft tissue plutonium is not redistributed 
to the skeleton after termination of the zir- 
conium citrate treatment (rats 7 and 8). 
The late zirconium citrate treatment had 
perhaps a slight effect both in decreasing the 
amount of skeletally deposited plutonium and 
in increasing the amount in the residual car- 
cass. Further studies would be required to 
establish the significance of these effects. No 
differences of particular significance were ob- 
served in the plutonium content of livers and 
spleens of rats in the different groups. 
Summary. Serial zirconium citrate injec- 
tions during the month immediately following 
the administration of plutonium were found 
to effect a 6-fold reduction in the skeletal 


LEPTOSPIRAL ISOLATIONS EMPLOYING BABY CHICKS 


deposition of plutonium and to increase the 
retention of plutonium in the soft tissues. 
Therapy with. zirconium, commencing a 
month after the plutonium injection, was 
found to have little, if any, effect on the 
distribution of plutonium. 


Sincere appreciation is extended Dr. Joseph Katz, 
Mrs. Willa D. Oakley and the Radiochemistry Labor- 
atory for their assistance during the course of this 
work. 
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Use of Baby Chicks for Isolation of Leptospires. (20469) 


WarreEN G. Hoac, WILLIAM S. GOCHENOUR, JR., AND Ropert H. YAGER. 


From the Veterinary Division, Army Medical Service Graduate School, Washington, D. C. 


Guinea pigs(1), embryonated hens’ eggs 
(2), Syrian golden hamsters(3), and labora- 
tory white mice(4) have been employed in 
the isolation of leptospires from blood, tis- 
sues, and other body fluids. Their employ- 
ment for this purpose has been limited by 
factors of cost, availability, and facilities 
appropriate for their maintenance. The suc- 
cessful cultivation of leptospires in embryo- 
nated hens’ eggs suggested the possible utiliza- 
tion of baby chicks for recovery of these 
organisms. 

Methods. Two-day-old chicks were inocu- 
lated intraperitoneally with 0.5 ml of 5-day- 
old culture of L. pomona, S91,(5) in Fletch- 
er’s semi-solid medium(6). Subsequent cul- 
ture generations were lethal for 20 g golden 


hamsters. Heart’s blood cultures were made 
in both Schuffner’s modification of Verwoort’s 
medium(6) and Fletcher’s semi-solid medium 
on the 4th, 7th, 8th, 9th, 10th, 11th, 14th, 
and 21st days post-inoculation. 

Groups of chicks were sacrificed on the 9th, 
11th, 14th, and 21st days post-inoculation. 
Kidney and liver emulsions in 0.85% NaCl 
solution were cultured separately on both 
leptospiral mediums. These cultures were in- 
cubated at 30°C for 28 days and examined by 
darkground microscopy at 7-day intervals. 

Serums were obtained by clot-squeeze sep- 
aration from blood drawn by cardiac puncture 
on the 9th, 11th, 14th, and 21st days post- 
inoculation. These serums were examined 
for presence of leptospiral antibodies by the 
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TABLE I. Results of Heart’s Blood Cultures. 


Chick ,——————Days post-inoculation——__—_, 


ING=au dicey GAO dhe, Sia ood 
ae Pee NDS ee 

Boo aes 2 aes INDY eae 

ohn SS see SNUB cae 

fae ND a ND OND -E* 

Rae Nae os ND) PND -e* 

fee ND ae ND Nay ==" 

Post ND OND ND =-° “ND +—2* 

S0 ehee ND OND: OND nak SND 
Ome se aN DLN Do ND 1 ND) se 

10 ND ND ND ND ND ND ND +* 
11 ND ND ND.ND ND ND ND -+#* 
12 -ND ND ND ND ND ND ND. —* 
13 ND ND ND-~ND ND ND ND +* 


* Animals sacrificed. 
Key: -++ = Leptospires recovered. — = No lep- 
tospires recovered. ND = Not done. 


TABLE ITI. Results of Culture of Tissue Emulsion. 


Days post- Liver Kidney 
inoculation Oss ew Neo. Pos. =) Neg: 
9 1 2 il 2 
11 2 nl 2 1 
14 2 il 2 1 
21 0 4 0 4, 


TABLE III. Ageglutinating Antibody Response. 


-——— Titer against L. pomona -——_, 


Days post- Less than Greater 
inoculation 1:100 1:100 than 1:100 
9 3 0 0 
tte 2 0 0 
14* 1 il 0 
21 Hl 2 1 (6400) 


* Serum samples available on only 2 chicks. 


agglutination-lysis technic(6). 

Results. The results of heart’s blood cul- 
tures are shown in Table I. The results of 
cultures of tissue emulsions are shown in 
Table II. 

It is apparent from the above that lepto- 
spiremia persisted in all chicks examined 
through the 9th day post-inoculation. It is 
significant that leptospires could not consist- 
ently be demonstrated in cultures of either 
kidney or liver emulsions. 

Table III lists the results of serological 
examination of the post-inoculation serums of 
these chicks. With but one exception, sero- 
logically demonstrable antibodies were at ex- 
tremely low levels or absent. 

No clinical symptoms of illness were ap- 
parent in any of the chicks. All appeared 
healthy at the time of sacrifice and no gross 
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changes were evidenced at autopsy. 

Comments. Previous work on experimental 
leptospirosis in chickens resulted in few re- 
coveries of inoculated organisms(7). How- 
ever, older birds were employed in these 
studies. The uniform development of lepto- 
spiremia following inoculation with infective 
material suggests the possible utilization of 
baby chicks in the recovery of leptospires 
from material unsuitable for direct cultural 
methods. It is, therefore, suggested that such 
materials be inoculated intraperitoneally and 
that heart’s blood cultures in suitable lepto- 
spiral mediums be made on the 4th and 7th 
days post-inoculation. Replicate cultures 
should be made in order to detect leptospires 
which may be present only in limited num- 
bers. Neither clinical illness nor serological 
response can be used as criteria of infection 
in chicks of this age. It is noteworthy that 
only an inconstant and transient renal infec- 
tion was observed. The possible role of fowls 
in the epidemiology of leptospirosis requires 
further investigation. 

Summary. Two-day-old chicks uniformly 
developed leptospiremia persisting for at least 
5 days following intraperitoneal inoculation of 
leptospires. No clinically detected illness re- 
sulted from this infection nor was there con- 
stant significant serologically demonstrable 
antibody response. Employment of chicks for 
recovery of leptospires from materials con- 
taminated with other microorganisms and 
hence unsuitable for direct culture is sug- 
gested. 
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Mumps Infectivity Studies in Hamsters. 


(20470) 


M. M. Burr Anp F. P. NAGLER. 


From the Virus Section, Laboratory of Hygiene, Department of National Health and Welfare, 
Ottawa, Canada. 


The transmission of mumps to experimental 
animals other than monkeys(1), cats(2), 
guinea pigs(3), suckling mice(4), and suck- 
ling hamsters(5) has not proved successful 
in the past. Attempts to infect adult ham- 
sters with this agent by various routes so far 
have met with failure(6). 

In the course of producing specific antisera 
in adult hamsters, it was observed that these 
animals, after intranasal instillation of the 
virus, yielded sera with high levels of comple- 
ment fixing antibodies against the soluble and 
viral mumps antigens. These findings led to 
the investigation of the pathogenicity of 
mumps for hamsters and to attempts at serial 
passage of the virus in hamster lungs. The 
serological and tissue responses in these ani- 
mals to the intranasal inoculation of both 
egg-adapted and current epidemic strains of 
mumps virus will be described in this report, 
together with results of attempts to adapt the 
virus to lung tissues of adult hamsters. 

Materials and methods. The Enders strain 
of mumps, which had been received from the 
Children’s Hospital, Philadelphia, in 1949, 
and had undergone 20 allantoic passages in 
chick embryos in this laboratory, was used 
as the standard strain throughout these ex- 
periments. 

Golden hamsters of 7-10 weeks of age were 
inoculated intranasally under ether anesthesia 
with 0.3 ml amounts of allantoic fluid con- 
taining 10%° EID; 9/ml of mumps virus. A 
batch of 3-4 animals was anesthetized and 
sacrificed by exsanguination from the brachial 
artery each day for a period of 38 days, com- 
mencing 24 hours after inoculation and the 
sera of each batch were pooled. Lungs, 
spleens, and parotid glands of each batch were 
similarly pooled and 25% suspensions of each 
pool of organs were prepared by grinding with 
quartz in a mortar in physiological saline. 
The suspensions were centrifuged at 1500 
r.p.m. for 5 minutes and the supernates were 
removed, shell-frozen and stored at —32°C 


until used. The tissue suspensions, to which 
were added 1000 units of penicillin and 1000 
pg of dihydrostreptomycin per ml, were 
titrated in the amniotic sac of 9-day-old chick 
embryos and the amount of virus present in 
these suspensions was estimated by testing 
the amniotic fluids for presence of specific 
hemageglutinins, using Salks’ method(7). The 
50% infectivity titer (EID; 9) was calculated 
by Reed and Muench’s method (8). 

Attempts at virus isolation from 4 throat 
washings of patients acutely ill with mumps 
were carried out in parallel series, one part 
of the washings being inoculated intranasally 
into hamsters, another part being inoculated 
amniotically into developing chick embryos. 

Mumps antisera used in the complement 
fixation (C.F.) and hemagglutination inhibi- 
tion (H.I.) tests of this work were prepared 
in hamsters by a single intranasal inoculation 
of 0.3 ml of allantoic fluid containing 10% * 
EID;9/ml of mumps virus. The animals 
were bled 14 days after inoculation and their 
sera were pooled. Antisera against the newly 
isolated strains were prepared in a similar 
manner. Details of serological procedures 
used in this work are described earlier (9). 

Results. The serological responses of ham- 
sters to a single intranasal inoculation of the 
egg-adapted Enders strain of mumps virus are 
summarized in Table I. The tests were car- 
ried out on pools of serum collected daily 
from 3-4 animals from the first day after in- 
oculation. For simplification of tabulation, 
the results of these tests have been grouped 
together over 4-day periods and their mean 
values are recorded in Table I. The C.F. titers 
are expressed as reciprocal values of the orig- 
inal dilution of serum giving complete fixation 
in the presence of 2 units of complement. 
Hemagglutination titers are expressed as re- 
ciprocal values of the highest final dilution 
of serum causing complete inhibition of 4 
hemagglutinating units of a mumps virus sus- 
pension. It can be seen from Table I that 
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TABLE I. Serological Response of Hamsters to Experimental Infection with Mumps Virus. 
_—<§$<———————————==S=S'=_——————eE—E——— 


Mean values of C.F. titer with 


Animals Days after , Haemagglutination- 
No. infection Soluble antigen Viral antigen inhibition titer 
24 1- 6 0 0 0 
16 7-10 88 56 160 
16 11-14 128 1G 300 
16 15-18 112 128 360 
12 19-22 64 85 213 
12 23-26 43 64 240 
8 27-30 32 64 160 
12 31-34 37 43 133 
16 35-38 22 40 160 


TABLE II. Mumps Virus Titers in Lungs of Ham- 
sters after Inoculation with 107% EID, of Infected 
Allantoie Fluid. 


Days after Virus recovered 
inoculation per g of lung* 
1 4.53 
2 3.46 
3 3.01 
4 3.82 
5 2.09 
6 Oo 
ii <..57 
8 <.57 


* Figures represent logs of reciprocals of the 
EID; based on haemagglutination titers, 


TABLE III. Recovery of Mumps Virus from Ham- 
ster Lungs on Serial Lung Passage. 


Virus recovered per g of lung* 


Passage Exp. series Exp. series 

No. 1 2 
1 3.66 4.4 
2 3.4 4.1 
3 4.05 4.8 
4 3.7 5.2 
5 4.59 4.4 
6 4.79 4.3 
ii 5.06 4.) 
8 3.8 3.3 
9 3.5 3.3 

10 4.4 2.3 

11 0 0 


* Figures represent logs of reciprocals of the 
EID; based on haemagglutination titers. 


C.F. antibodies against the soluble antigen 
do not appear in the serum of hamsters before 
the 7th day following inoculation. They 
reach a maximum level between the 11th and 
14th day after inoculation. The antibodies 
against the viral antigen appear also at the 
7th day after inoculation and they reach a 
maximum level between the 15th and 18th 
day. The decrease in antibody levels to the 
soluble antigen precedes the decrease in anti- 


body levels to the viral antigen by approxi- 
mately 5 days. Antibodies against both an- 
tigens, however, are still present in significant 
titers as late as the 38th day after experi- 
mental infection. Anti-hemagglutinins also 
appear on the 7th day, reach a maximum level 
between the 15th and 18th day and decrease 
in a manner similar to the C.F. titers. They 
are still present in significant titer on the 
38th day after infection. 

Results of attempts at isolation of virus 
from the lung tissues after a single intranasal 
inoculation of allantoic fluid containing 10%° 
EID; /ml of mumps virus are presented in 
Table II. The results indicate that the virus 
was present in the lungs in significant titer 
up to the 4th day after inoculation. It de- 
creased considerably from the 4th to the 6th 
day and could not be recovered from the 7th 
day on. 

Results of attempts to transmit the virus 
by serial passage through lungs of hamsters 
are given in Table III. In the first series of 
experiments, transmission of the virus was 
successful in 10 consecutive passages with sig- 
nificant amounts of virus demonstrable in the 
lung tissues of animals sacrificed 3 days after 
inoculation. No virus could be detected in 
the lungs at the 11th-13th passages and no 
antibody response could be shown in surviv- 
ing animals of these groups. A second series 
of experiments in which hamsters were sacri- 
ficed on the 3rd, 4th, and Sth day after in- 
oculation gave very similar results to those of 
the first series of experiments (Table III). 
Judging by these results, the decrease in virus 
content of the lung tissues on passage ap- 
parently did not follow a simple dilution fac- 
tor. Hence, attempts are being made at 
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present to adapt the virus to these tissues by 
alternating passages through hamster lungs 
and the amniotic sac of chick embryos. 


Attempts at isolation of mumps virus from 
throat washings by parallel passages through 
chick embryos and hamsters were carried out 
successfully in 4 instances. In one of these 
attempts, the virus was carried through 12 
continuous passages in hamster lungs, where 
it attained a titer of 104? EIDs59/g of lung 
during the first 2 passages. However, as in 
the case of the egg-adapted Enders strain, the 
virus was lost in the following passages and 
no antibodies developed in the serum of sur- 
viving animals of these groups. With the 3 
other attempts, virus was carried only through 
a limited number of hamster passages, with 
titers attained similar to that above. It was 
found that virus isolated from throat washings 
by intranasal inoculation into hamsters was 
readily adaptable to chick embryos. 


Histopathology. Examination of animals 
sacrificed on the 4th and 5th day after inocu- 
lation with allantoic suspensions of virus re- 
vealed macroscopic focal lesions in the lungs. 
The histopathological examination of these 
lungs showed edema of the bronchial walls 
and fibrous tissues of larger blood vessels, 
with an infiltration of lymphocytes and large 
mononuclear cells into these areas. The al- 
veolar walls over wide areas were much thick- 
ened due to congestion of alveolar capillaries 
and an infiltration of mononuclear cells. The 
alveolar spaces in such areas were empty or 
contained coagulated fluid of high protein 
content. In some areas there was a sparse 
accumulation of mononuclear phagocytes 
within the alveoli and occasional red blood 
cells were seen in these regions. The picture 
represented that of an interstitial pneumonitis. 


Lungs of control animals, which had been 
inoculated similarly with a mixture of equal 
volumes of mumps virus and undiluted spe- 
cific antiserum, showed complete absence of 
evidence of interstitial or alveolar exudate and 
their microscopic appearance was essentially 
that of normal lung tissues. Lungs of hamsters 
inoculated with a mixture of mumps virus and 
Influenza A (PR8) antiserum represented a 
microscopic picture very much the same as 
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that of lungs of the animals inoculated with 
the virus suspension only. 


Spleens and parotid glands of these ham- 
sters appeared normal on macroscopic and 
microscopic examination. This finding con- 
firmed results of several unsuccessful attempts 
at isolation of virus from portions of these 
organs. Histological examination of lung 
sections of hamsters inoculated with the 4th 
lung passage of the freshly isolated strain of 
mumps virus revealed round cell infiltration 
of the smaller bronchial walls and surrounding 
interstitial tissue. The picture represented 
that of a bronchitis with a focal interstitial 
pheumonitis. 


Summary. Adult hamsters inoculated in- 
tranasally with the egg-adapted Enders strain 
of mumps virus produced complement fixing 
antibodies against both the soluble and viral 
antigens. These antibodies were present in 
measurable amounts from the 7th day after 
inoculation until the 38th day when the ex- 
periment was terminated. Antibodies against 
specific hemagglutinins also appeared on the 
7th day, reached a maximum level and de- 
creased in a similar manner to the comple- 
ment fixing antibodies. The production of 
antibodies against the soluble antigen was 
considered to be indicative of virus multipli- 
cation in the tissues of the animals. Multi- 
plication was then demonstrated by recovery 
of the virus after serial passage through 
hamster lungs. Mumps virus has been iso- 
lated from hamster lungs following intranasal 
inoculation of throat washings from 4 patients 
with epidemic parotitis. Serial passage in 
hamsters carried out with one of these strains 
gave results similar to those obtained using 
the egg-adapted Enders strain. Histopatho- 
logical examination of lungs of hamsters in- 
oculated either with the egg-adapted Enders 
strain or with a lung passage of a freshly 
isolated strain of mumps revealed the pres- 
ence of bronchitis and interstitial pneumonitis. 
Specific antiserum when mixed with the 
standard virus suspension and similarly in- 
oculated prevented such pathological changes, 
while non-specific serum had no such effect. 


The authors are indebted to Dr. D. Magner and 
Miss G. Hein of the Canadian Tumour Registry for 


SULFHYDRYL AND DISULFIDE GROUPS 


4 


the examination and the preparation of the tissue 
sections. 
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Reactive Sulfhydryl and Disulfide Groups of Protyrosinase and Tyrosinase.* 
(20471) 


JosepH Hari BopINr AND Loren D. Cartson.t 


From the Zoology Laboratory, State University of Iowa, Iowa City, Iowa. 


The methods of conversion of protyrosinase, 
the inactive form of tyrosinase, to tyrosinase 
have been the object of extensive studies(1). 
'In general, it may be said that amphipathic 
anions, carbamates, and temperatures between 
60° and 70°C for 5 minutes will bring about 
this change. The object of this and subse- 
quent studies is an attempt to ascertain what 
physical or chemical changes occur in such a 
conversion. 

Materials and methods. Protyrosinase was 
obtained from diapause grasshopper eggs. 
These eggs were triturated with a mortar and 
pestle and diluted with 0.9% NaCl to a vol- 
ume of 10 cc per g of eggs. This was centri- 
fuged and the lipoidal layer removed. The 
remaining supernatant was recentrifuged, de- 
canted and 1 g of KH»PO, per 250 cc of su- 
pernatant added. After standing 2 hours at 
O°C, this was centrifuged and the supernatant 
decanted. Enough (NH,)2SO, was added to 
make the supernatant 19.3% saturated (12% 
solution). Two hours later the precipitate 
was centrifuged away and the supernatant 
brought to 31.1% saturation with (NH,)2SO, 
(18% solution). After 2 hours at 0°C, this 
was centrifuged, the supernatant discarded 


* Aided by grant from The National Institutes 
of Health. 

+ Now in Department of Physiology, University 
of Washington, Seattle. 


and the precipitate resuspended in a volume 
of 0.9% NaCl equal to one-half that of the 
solution centrifuged. After one hour this was 
centrifuged, the precipitate discarded and the 
supernatant brought to 31.1% saturation with 
(NH4)2SO,. After 2 hours, this was centri- 
fuged and the precipitate resuspended in a 
volume of NaCl equal to that used in the 
previous step. This was dialyzed against 3 
changes of NaCl for at least 24 hours. The 
resulting preparation showed no tyrosinase 
activity and contained on an average 0.5 mg 
of nondialyzable material per cc, which in 
turn had in it 0.21% copper and 14% nitro- 
gen. 

A modification of the methods employed 
by Mirsky and Anson(2) was used to deter- 
mine the reactive sulfhydryl and disulfide 
groups. The limitations of this method have 
been adequately discussed by these authors. 
In the determination of the sulfhydryl groups, 
one cc of proenzyme or enzyme plus 2 cc 
of 0.9% NaCl plus 0.1 cc of phosphate buffer 
(pH 7.5) plus 0.1 cc of 0.1 M K3Fe(CN)¢ 
were allowed to stand at 35°C for one hour. 
At the end of this period, the protein was 
precipitated with 0.1 cc of 0.05 N HeSO, and 
3.3 cc of a saturated solution of (NH ,)2SOu, 
filtered out and one cc of Folin and Malm- 
ros(3) ferric sulfate solution added to 3 cc 
of the supernatant. This was allowed to 
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FIG. 1. Percentage amounts of sulfhydryl groups 
(columns 1 to 4) and disulfide groups (columns 5 
to 7). Column 1, 5: the native proenzyme; column 
2: the enzyme produced by Aerosol OT; column 3: 
the enzyme produced by exposure to 65°C for 10 
min.; column 4, 7: the enzyme denatured by ex- 
posure to 100°C for 10 min.; column 6: the enzyme 
produced by sodium dodecyl sulfate (dialyzed away 
after the activation of the proenzyme). 


stand 30 minutes at 35°C and the color in- 
tensity determined in a photoelectric colorim- 
eter designed and constructed similarly to that 
described by Evelyn and Cipriani(4). A red 
filter (Corning No. 241) was used. The di- 
sulfides were determined by reduction with 
thioglycollate and then testing for the increase 
in sulfhydryl groups. Three to 5 cc of the 
proenzyme or enzyme solution were used with 
2.5 cc of neutralized thioglycolate (app 0.7 
M) and 0.5 cc of phosphate buffer (pH 7.5). 
The protein was precipitated with (NH4) SO, 
and washed 4 times. A control underwent 
similar treatment with the exception that a 
NaCl solution was added in place of the thio- 
glycolate. The precipitated protein was 
tested for sulfhydryl groups. 

The colorimeter was standardized with 
known quantities of NayFe(CN).>. With the 
possible exception of very low concentrations 
of the ferrocyanide, the ammeter readings 
were linear with increasing concentrations be- 
tween 0 and 8 x 10% mols of ferrocyanide 
added and were accurate to within 2%. 

Results. The native proenzyme reduced 
1 x 107% mols of ferricyanide per cc of pro- 
enzyme. This is expressed as 100% in col- 
umn 1, Fig. 1. When the enzyme was pre- 
pared using Aerosol OT, a slight increase in 
reactive sulfhydryls occurred (Col. 2, Fig. 1), 
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but analysis of the data of 10 different deter- 
minations showed this to be nonsignificant. 
Activation of the proenzyme at 65°C for 10 
minutes, resulted in a significant increase in 
—SH groups (Col. 3, Fig. 1). This is un- 
doubtedly due to the enzyme that is con- 
comitantly denatured. In the data of Bodine 
and Allen(5), about 28% of the enzyme is 
destroyed by exposure to 65°C for 10 minutes. 
The increase in —-SH noted here is approxi- 
mately 27% of the amount of —SH liberated 
upon complete denaturation by heat (Col. 4, 
Fig. 1). This increase upon heat denatura- 
tion is in agreement with the findings on 
other proteins(6). The amount of reactive 
disulfide present is slightly greater than the 
—SH as measured by these methods (Col. 5, 
Fig. 1) and no significant increase occurs upon 
activation (Col. 6, Fig. 1). The change from 
proenzyme to enzyme was brought about in 
this case by sodium dodecyl sulfate which was 


then dialyzed away to facilitate precipitations. 


Heat denaturation doubles the number of re- 
active —S—S— (Col. 7, Fig. 1). It is then 
evident that no significant increase in —SH 
nor —-S—-S— groups is occasioned by the 
change from protyrosinase to tyrosinase. 

It next seemed of interest to ascertain 
whether either the oxidation of the —SH by 
ferricyanide or the reduction of —S—S— with 
thioglycolate influences the activity of the 
enzyme. Both substances delayed the oxida- 
tion of the substrate by reaction with the 
intermediary products rather than by a pri- 
mary effect on the enzyme. This is evident 
in Fig. 2, which shows the effects of the addi- 
tion of small amounts of K3Fe(CN).¢ to the 
reaction mixture of tyrosinase and substrate. 
The ferricyanide delays the initiation of the 
oxygen uptake and also the appearance of the 
red color in the reaction mixture. When the 
time to reach 100 yl oxygen uptake is plotted 
against the concentration of ferricyanide, the 
points, save that at zero concentration, fall on 
a straight line (inset). Extrapolation of this 
straight line gives evidence that some of the 
ferricyanide has been reduced to ferrocyanide 
by reaction with the proenzyme. It is inter- 
esting to predict that if 1 x 10° moles of ferri- 
cyanide delayed the initiation of oxygen up- 
take or color formation 30 minutes, then 1 x 
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FIG. 2. Effect of potassium ferricyanide on activity of tyrosinase on tyramine-HCl. Abscissa, 

time in hr; ordinate, mm* of oxygen. Concentrations of ferricyanide used may be read from 

the corresponding numbers on the inset. Inset: time to reach an oxygen uptake of 100 yl (or- 
dinate) plotted against the moles of K,Fe(CN), added to the reaction mixture (abscissa). 
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FIG. 3. A plot similar to Fig. 2, but for thioglycolate. 


10-* moles would delay the reaction for more 
than 20 days. Sodium ferrocyanide had no 
effect on the enzyme activity. In Fig. 3, simi- 
lar data are shown using thioglycolate. Note 
on the inset that the straight line extrapolated 
indicates a greater number of —-S—S— 
groups, this being in agreement with the 
colorimetric determinations. 


Summary and conclusions. It seems evi- 
dent that no change in sulfhydryl nor disulfide 
groups occurs upon activation of protyrosin- 
ase and further that the sulfhydryl and di- 
sulfide groups do not seem essential for en- 
zyme activity. Any apparent inhibition 
caused by oxidation of the sulfhydryl groups 
or the reduction of the disulfide groups is due 
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to a reaction of the oxidant or reductant with 
the intermediary products of the oxidation of 
tyramine-HCl. If the production of tyrosin- 
ase is occasioned by the denaturation of an 
inhibitor, an increase in —-SH groups seems 
probable; this, however, is not the case. 
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Inhibition of Utilization of Aspartic Acid for Growth of Leuconostoc 


mesenteroides P-60. 


(20472) 


EUGENE ROBERTS AND PaTrRicIA F. HUNTER. 
From the Wernse Laboratory of Cancer Research, Washington University School of Medicine, 
St. Louis, Mo. 


y-L-Glutamylhydrazide was an effective in- 
hibitor of growth of 2 strains of strepto- 
cocci(1) and of L. arabinosus(2) under con- 
ditions in which small amounts of glutamine 
produced a marked acceleration of growth. 
In both instances it was found that B-aspar- 
tylhydrazide was a weaker inhibitor than the 
glutamyl derivative. a-DL-Methylglutamic 
acid was also found to be an inhibitor of the 
utilization of D- and L-glutamic and a-keto- 
glutaric acids by L. arabinosus(2,3), while 
a-DL-methylaspartic acid and a-DL-methyl- 
asparagine were ineffective. It was of in- 
terest to determine whether the aspartic acid 
analogues could inhibit the utilization of 
aspartic acid under suitable circumstances. 

Materials and methods, compounds used. 
L-Aspartic acid was employed in all experi- 
ments. y-L-glutamylhydrazide (GGH), B- 
DL-aspartylhydrazide (BAH), a-DL-methyl- 
glutamic acid (AMG), a-DL-methylaspartic 
acid (AMA), and a-DL-methylasparagine 
(AMAS) were kindly given to us by Dr. Karl 
Pfister of Merck and Co., Inc. The procedure 
of Hac and Snell(4) was employed for micro- 
biological assay of L-aspartic acid with L. 
mesenteroides P-60, and growth was deter- 
mined turbidimetrically and the results ex- 
pressed in optical density units (O.D.). Solu- 
tions of all of the substances tested for in- 
hibition were sterilized by Seitz filtration. 
The final volume of the assay medium was 


1.5 ml per tube. The basal medium and the 
test samples were added to the assay tubes 
with the rapid automatic dispenser of Cannon. 

Experimental results. In Fig. 1A is seen a 
typical standard curve obtained after 75 hours 
of incubation at 37°C, showing the graded 
response of the bacteria to increasing amounts 
of L-aspartic acid. An experiment was per- 
formed simultaneously in which incubations 
were made with 60 y of L-aspartic acid per 
tube in the presence of 1-5 »M of the ana- 
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FIG. 1. Influence of varying amounts of aspartic 
acid analogues on growth on 60 y of L-aspartie 
acid. BAH, g-DL-aspartylhydrazide; AMA, a-DL- 
methylaspartic acid; AMAS, a-DL-methylaspara- 
gine. 
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FIG. 2. Comparison of inhibition by glutamic acid 
and aspartic acid analogues. GGH, y-L-glutamyl- 
hydrazide; AMG, a-DL-methylglutamic acid. 


logues (Fig. 1B). Both BAH and AMA were 
found to be relatively effective inhibitors of 
_ growth, giving 50% inhibition at molar ratios 
of inhibitor to metabolite of 4.9:1 and 5.9:1, 
respectively, while AMAS was ineffective. In 
further experiments it was shown that the 
complete inhibition of growth produced by 
5 »M of GGH in the presence of 60 y of 
L-aspartic acid was not reversed by the pres- 
ence of an additional 10-50 y of L-aspartic 
acid or 20 y of asparagine. When L-aspartic 
acid was added to similarly constituted incu- 
bation mixtures containing 5 uM of AMA, no 
growth occurred until the total content of 
L-aspartic acid was increased to 90 and 100 y 
per tube, under which conditions there oc- 
curred 31 and 42%, respectively, of the 
growth with 60 y of L-aspartic acid in the ab- 
sence of inhibitors. Although the degree of 
inhibition given by a particular concentration 
of analogue varied somewhat from one experi- 
ment to another, the relative efficacy re- 
mained the same. 

The results in Fig. 2 show the time-course 
of growth on 60 y of L-aspartic acid in the 
absence of inhibitor and in the presence of 
2 uM per tube of the 5 test substances. It is 
seen that the aspartic acid analogues, AMA 
and BAH, are much more effective than their 
glutamic acid counterparts, AMG and GGH. 
The latter 2 substances were, at most, only 
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slightly inhibitory. The presence of aspara- 
gine up to 16 y per tube did not alter the 
results obtained, in keeping with the relative 
ineffectiveness of asparagine in ‘this sys- 
tem(4). 

Discussion. AMG probably exerts its ac- 
tion on glutamic acid utilization in L. arabin- 
osus chiefly by inhibiting the synthesis of 
glutamine, while GGH acts by inhibiting the 
utilization of glutamine in subsequent reac- 
tions(1-3). The inhibitory action of the 
comparable aspartic acid analogues, AMA 
and AGH, is probably different since aspara- 
gine is not utilized as well as aspartic acid 
and appears to play no significant role -in 
growth on aspartic acid under these condi- 
tions(4). It is planned to test these sub- 
stances in bacterial systems in which aspara- 
gine is necessary for rapid growth in media 
containing aspartic acid. Further studies are 
being made of the mechanism of inhibition of 
growth by the above compounds. 

Substances other than those above which 
have been shown previously to inhibit utiliza- 
tion of aspartic acid by microorganisms are 
cysteic acid(5), DL-para-hydroxyaspartic 
acid(6), meso-diaminosuccinic acid(6), a- 
aminolevulinic acid(7), and heated asparto- 
phenone(7). 

Summary. B-DL-Aspartylhydrazide and a- 
DL-methylaspartic acid were found to be good 
inhibitors of the utilization of L-aspartic acid 
for the growth of L. mesenteroides P-60. The 
specificity of the inhibition was shown by the 
finding that the corresponding analogues of 
glutamic acid were much less active. 


1. Roper, J. A., and MclIlwain, H., Biochem. J., 
1948, v42, 485. 

2. Ayengar, P., and Roberts, E., Proc. Soc. Exp. 
Biot. AND Mep., 1953, submitted for publication. 

si , Proc. Soc. Exp. Bro“. anD Mep., 1952, 
v79, 476. 

4. Hac, L. R., and Snell, E. E., J. Biol. Chem., 
1945, v159, 291. 

5. Ravel, J. M., and Shive, W., J. Biol. Chem, 
1946, v166, 407. 

6. Shive, W., and Macow, J., J. Biol. Chem., 1946, 
v162, 451. 

7. Dittmer, K., Ann. N. Y. Acad. Sci., 1950, v52, 
1274. 


Received July 3, 1953. P.S.E.B.M., 1953, v8&3. 


Circulating 17-Hydroxycorticosteroids in Ascorbic Acid-Deficient 


Guinea Pigs.* 


(20473) 


a 
Atan K. Done, Ropert S. Ety, Lawrence R. HEISELT, AND VINCENT C. KELLEY. 


From the Lockhart Memorial Laboratory, Department of Pediatrics, University of Utah College 
of Medicine, Salt Lake City, Utah. 


Since the demonstration by Szent-Gyorgyi 
(1) of high concentrations of ascorbic acid 
in the adrenal gland, numerous controversial 
reports concerning the relation of ascorbic 
acid to the pituitary-adrenal system and its 
secretions have appeared. These were re- 
cently reviewed by Pirani(2). The develop- 
ment of a technic for the quantitation of cir- 
culating 17-hydroxycorticosteroids(3) has 
permitted a more direct approach to this 
problem than had been previously available. 
The data presented in this report were ob- 
tained in preliminary studies of circulating 
17-hydroxycorticosteroids in guinea pigs ren- 
dered ascorbic acid-deficient. 

Methods. Male guinea pigs weighing 500 
to 750 g were used in these experiments. 
.Ascorbic acid deficiency was induced by a 
scorbutigenic diet described by Oesterling and 
Long(4). This diet was given ad libitum and 
the animals were weighed at regular intervals. 
In most instances a stabilization of weight 
curves occurred within a few days; rapid 
weight loss occurred after 14 to 18 days. 
Only those animals who exhibited a stabiliza- 
tion of weight for at least 10 days prior to the 
late weight loss and who gave no clinical in- 
dications of infection are included in this 
report. A group of animals who had exhibited 
a profound weight loss of 2 to 3 days’ dura- 
tion prior to the 17th day of scorbutigenic 
diet were treated with crystalline ascorbic 
acid, given orally in a dose of 25 mg per 
animal per day, from the 17th day until 
‘sacrifice on the 22nd day. Each of these 
animals responded with a moderate weight 
gain within one to 2 days. Ad libitum con- 
‘trols were maintained on a Purina pellet 
ration. All animals had free access to tap 
water. At the time of sacrifice, animals were 
rapidly anesthetized in an ethyl ether at- 


* This research was supported, in part, by a grant 
ffrom the Helen Hay Whitney Foundation. 


mosphere and blood samples were obtained 
from the abdominal aorta into heparinized 
syringes. Immediately after exsanguination 
of the animal, adrenals were removed, 
cleaned, weighed and homogenized in 4% 
trichloroacetic acid. Plasma samples were 
separated by centrifugation and stored in 
deep-freeze until used. In some instances the 
plasmas of 2 to 3 guinea pigs were pooled to 
make 10 to 15 ml samples for 17-hydroxy- 
corticosteroid determinations. 


Circulating 17-hydroxycorticosteroid con- 
centrations were determined by the plasma 
method of Nelson and Samuels(3). Adrenal 
ascorbic acid content was measured by the 
method of Roe and Kuether(5). 


Observations. The duration of ascorbic 
acid-deficient intake and the severity of re- 
sultant weight loss are listed for each animal 
in Table I. As will be seen in this table, pro- 
longed ascorbic acid deficiency resulted in the 
nearly complete depletion of adrenal ascorbic 
acid and a striking elevation of circulating 
17-hydroxycorticosteroid concentrations. In 
the group of animals who developed severe 
ascorbic acid deficiency as evidenced by 
weight curves, but were treated with ascorbic 
acid for 5 days prior to sacrifice, the adrenal 
ascorbic acid content as well as plasma con- 
centrations of 17-hydroxycorticosteroids were 
not significantly different from ad libitum 
controls (Table IT). 

Discussion. Exceedingly high plasma con- 
centrations of 17-hydroxycorticosteroids were 
found in animals whose adrenal glands were 
almost completely devoid of ascorbic acid. 
This would suggest that if ascorbic acid is in 
any way essential to the formation of 17-hy- 
droxycorticosteroids, it need be present only 
in minute amounts in the adrenal cortex. 
Concentrations of steroids reported here do 
not necessarily reflect an accelerated rate of 
adrenal cortical secretion, but may be the 
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TABLE I, Plasma 17-Hydroxycorticosteroids in Guinea Pigs with Treated and Untreated Ascorbic Acid 
Deficiency. ; 


aL i... ———— 


Adrenal wt Adrenal ascor- Plasma 17-hy- 
No, days Severity (mg/100 g bie acid (mg/ droxycorticosteroids 
on diet of scurvy* body wt) 100 g adrenal) (ug/100 ml) 
Scorbutigenie diet 24 + 82 itealal | 
24 = 114 84, \ 152.5 
24. Bas 103 GuveP a | 
22 108 De 
29 ie 71 1132 } aay 
21 ++ 127 84 478.0 
21) an 88 .99 153.0 
21 cpa 100 72 124.0 
16 ar ar ar 115 60 222.2 
22 See eee 66 1.20 ] 
22 +++ 151 99 : 394.2 
22 +44 99 J 
21 +++ 101 .84 
22 +++ 147 ol 526.0 
21 sects 98 1.08 — 
25 +++ 101 81 192.8 
24 Slagle ie 115 ill — 
21 +++ 105 .63 — 
23 nia eee 122 84 282.1 
25 sipale state 142 Dil 416.0 
Mean 22 108 = 5.1 87+ .018 301.9 + 43.03 
Scorbutigenic diet (as- 22 ---- 47 37.8 43.3 
corbic acid, 25 mg/ 22 AP SP 84 39.0 65.4 
day for last 5 days) 22 ++ 83 26.6 62.5 
22 ++ 65 42.0 30.5 
22 +++ 119 Boe 141.8 
Mean 22 80 + 12.0 , 35.8 + 2.66 68.7 + 19.35 
Ad libitum controls Mean 47+ 3.0 35.5 + 3.86 32.9+ 4.60 
No. animals 10 10 17 


* Severity of scurvy was classified on the basis of weight response curves (extent and rapidity of late 
weight loss) without regard to laboratory data. In the ascorbic acid treated group the classification was 
‘based on the status of the animals before treatment was started. 


result of interference with the utilization, 
conjugation or excretion of 17-hydroxycorti- 
costeroids. Ascorbic acid deficiency of the 
severity produced in these experiments un- 
doubtedly constitutes a chronic stressful sit- 
uation which may account, wholly or in part, 
for the excessive amounts of circulating 17- 
hydroxycorticosteroids observed. However, 
irrespective of the initiating circumstances, 
it would appear that these steroids can be 
produced in the virtual absence of ascorbic 


TABLE II. Probability Values, Plasma 17-hy- 
droxyeorticosteroids in Guinea Pigs with Treated 
and Untreated Ascorbic Acid Deficiency. 


p <.01 
p <.01 


Scorbutigenic diet vs. ad libitum controls 
vs. scorbutigenie diet 
-++ ascorbic acid 
Scorbutigenic diet vs.ad libitum controls p 
+ ascorbic acid 


09 


acid and that adrenal cortical insufficiency, 
at least from the standpoint of the ability to 
produce 17-hydroxycorticosteroids, does not 
result from a depletion of adrenal ascorbic 
acid. Whatever the nature of the abnor- 
mality responsible for the excessively high 
plasma concentrations of 17-hydroxycorti- 
costeroids noted, it is largely corrected by the 
administration of excessive amounts of as- 
corbic acid over a brief period. 

In an attempt to evaluate the role of var- 
ious factors involved, further experiments are 
in progress utilizing pair-fed controls, adrenal- 
ectomized controls, varying schedules of as- 
corbic acid administration, and less severe 
ascorbic acid deficiency; these include urinary 
excretion of these steroids. 

Summary. 1. Quantitative determinations 
of plasma 17-hydroxycorticosteroids in guinea 
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pigs with severe ascorbic acid deficiency were 
made. 2. Plasma concentrations of these 
steroids were found to be approximately 10 
times those found in normal guinea pigs de- 
spite the virtual absence of adrenal ascorbic 
acid. 3. Scorbutic animals treated with as- 
corbic acid for 5 days prior to sacrifice 
had circulating 17-hydroxycorticosteroids in 
amounts not significantly higher than those of 
control animals. 


The authors are indebted to Robert O. Hickman, 


EFFECTS oF CHLORAMPHENICOLS ON TUMOR CELLS 


Doris F. Tippit and H. Beth Dowding for technical 
assistance. 
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Effects of Chloramphenicol on Incorporation of Glycine-2-C™ into Mam- 


malian Tumor Cell Proteins and Purines.* 


(20474) 


G. A. LEPacE (Introduced by H: P. Rusch) 
From the University of Wisconsin Medical School, McArdle Memorial Laboratory, Madison. 


It has been demonstrated by Wisseman 
et al.(1) that the antibiotic d(—) threo chlor- 
amphenicol is effective in inhibiting protein 
synthesis in susceptible microorganisms such 
as E. coli. They have further demonstrated 
that higher concentrations of 1(-+) threo 
chloramphenicol do not give this effect, and 
that concentrations of the d(—) threo isomer 
which effectively stop protein synthesis (50 
pg/ml) permit nucleic acid purine and ribose 
synthesis to proceed for a significant time. 
Since viable suspensions of mammalian tumor 
cells were available and had been shown to 
carry on incorporation of glycine-2-C* into 
purines and proteins(2), it was of some in- 
terest to test the effects of chloramphenicol 
isomers on this mammalian cell system. 

Methods. The Ehrlich carcinoma cells were 
obtained by intraperitoneal injection of 6-10- 
week-old Rockland strain white mice with 
approximately 10’ cells per mouse. The cells 
were withdrawn from mice after 5-7 days, 
under light ether anesthesia with a hypo- 
dermic syringe and No, 18 needle. At this 
time the suspension was approximately 90% 


* This research was supported in part by a grant 
from the American Cancer Society on the recom- 
mendation of the Committee on Growth of the 
National Research Council and in part by the 
Alexander and Margaret Stewart Fund. 


tumor cells. The Gardner lymphosarcoma 
(6C3HED) cells were obtained in similar 
fashion from C3H mice 7-10 days after in- 
jection, at which time the suspensions were 
approximately 96% tumor cells. The cells 
were washed 3-4 times by suspending in iso- 
tonic saline and centrifuging. Warburg res- 
pirometer vessels of 60 ml capacity were used 
as reaction vessels. Incubation was for one 
hour at 38°C. Each vessel contained a total 
of 12 ml of medium, consisting of Robinson’s 
medium with glucose and _ bicarbonate(3), 
150 pg glycine-2-C™t and cells equivalent to 
30 mg dry weight. The chloramphenicolst 
were weighed dry into each such flask and 
dissolved in the medium. The cells were 
added just prior to incubation, except where 
otherwise indicated. Purines and proteins 
were isolated and counted for radioactivity as 
described earlier(2). Paper spots as counted 
contained 200-300 wg of purine. Counting 
was continued until statistically significant to: 
within 5%. 


+ Specific activity 20,600,000 counts /min,/me ; 
obtained from Tracerlab, Inc., on allocation by the 
U. S. Atomic Energy Commission. 

¢'The d(-) threo chloramphenicol and 1(-+) threo: 
chloramphenicol were obtained through the courtesy 
of Parke-Davis and Co. and Major Charles L. Wisse- 
man, Jr., respectively. 
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TABLE I. Incorporation of Glycine-2-C* into Components of Ehrlich Carcinoma Cells in the 
Presence of Various Concentrations of d(—) Threo Chloramphenicol, 


a SE Ee ey SO ee ee 
— PP 


Protein ————, 


Nucleic acid adenine ,—Nucleic acid guanine 


Chlorampheni- Radioactivity, % in- Radioactivity, 9% in- Radioactivity,  % in- 
col, ug/ml ¢/min./mg hibition e/min./mg hibition ¢/min./mg hibition 
0 3970 1280 2770 
250 3550 10 1340 —5 2970 —7 
500 3570 10 1390 ~9 2720 2 
1000 2950 26 1120 12 1760 36 
1500 2700 32 790 38 1110 60 
2500 2645 33 770 40 1100 60 


Radioactivities are corrected for self-absorption characteristics. Each figure is the mean of 
results from 3 experiments with duplicate reaction vessels. 


TABLE II. Effects of Chloramphenicol Isomers on 
Incorporation of Glycine-2-C% by Ascites. Cell Tu- 
mors In vitro. 


— Radioactivity, ¢/min./mg — 


Addition, ng/ml Protein Adenine Guanine 
Ehrlich carcinoma 

0 3990 1290 2980 
1000 d(-—) threo 3190 1060 1875 
2000 d(—) ” 2710 1005 1280 
1000 1(+) ” 3670 1295 1910 
2000 1(+) ” 3790 1120 1105 
1000-d(—) ” * 3150 1030 1875 
FAQOO Ie) * 3750 1070 1250 

6C3HED 

0 3650 1050 1210 
1000 d(—) threo 1270 965 361 
2000 d(—) ” 310 757 182 
1000 1(+) ” 1460 988 556 
2000 1(+) ” 184 965 194 


* Preincubated 30 min. at 0°C. 

Each figure represents avg of results in 3 to 5 
experiments in the Ehrlich carcinoma, 2 experi- 
ments in the 6 C3HED. 


Results and discussion. Data are presented 
in Table I to show the effects of varied levels 
of d(—) threo chloramphenicol upon the in- 
corporations by Ehrlich carcinoma cells. Sig- 
nificant effects are obtained only at much 
higher levels than are required to inhibit sus- 
ceptible bacteria. In Table II are data in 
which the 2 chloramphenicol isomers are com- 
pared in experiments with 2 types of tumor 
cells. In experiments with Ehrlich carcinoma 
cells the inhibition of incorporation of the 
radioactivity into protein is significant only 
with the isomer that has antibiotic properties. 
This specificity does not hold for the lympho- 
sarcoma cells. The level of inhibition varied 
considerably from one experiment to another 
in the Ehrlich carcinoma cells, but the relative 
extent of inhibition of the 3 components stud- 
ied held constant. This raised the question as 


to whether the permeability of the cells to the 
drug was a variable. As seen in Table IT, 
preincubation of the cells with the drugs at 
O°C did not increase the inhibition. 

The results obtained by Tyner et al.(4) 
(Chart 16), indicated that synthesis of the 
individual nucleotide components of tumor 
nucleic acids was at a rate in each case paral- 
lel with the requirement for that nucleotide 
in the nucleic acid composition. The inhibi- 
tion of guanine synthesis, without a compara- 
ble inhibition of other synthetic processes in- 
volved in growth, might lead to interference 
with the growth process as a whole, possibly 
by leading to modified nucleic acid composi- 
tion. In this connection it is of interest that 
triethylene melamine, which is known to be an 
inhibitor of a number of animal tumors, in- 
hibited the incorporation of glycine-2-C™ 
into nucleic acid guanine of Ehrlich carcinoma 
cells 66% at 30 wg per ml. The incorporation 
into protein and into nucleic acid adenine 
was not affected. It would be appropriate to 
test the im vivo effect of these isomers of 
chloramphenicol en various tumors. 

It is worthy of note that when the incor- 
poration of glycine into bacterial purines was 
finally inhibited, the entry into both ribonu- 
cleic acid (RNA) and deoxyribonucleic acid 
(DNA) purines was affected(1). The 2 nu- 
cleic acids were not separated in the experi- 
ments reported here and a 60% inhibition of 
incorporation of glycine-2-C™ into guanine 
may well represent complete blocking of entry 
into DNA. 

Summary. The effects of 2 of the isomers 
of chloramphenicol, one the antibiotic, the 
other inactive toward bacteria, were tested on 
2 in vitro systems consisting of mouse ascites 
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tumor cells. In Ehrlich carcinoma cells the 
antibiotic isomer inhibited the incorporation 
of glycine-2-C'4 into protein and nucleic acid 
purines. The other isomer inhibited incor- 
poration into the purines to the same extent, 
but did not appreciably affect entry into pro- 
teins. In lymphosarcoma cells (6C3HED), 
both isomers were equally effective in inhibit- 
ing the incorporation into proteins and 
purines. Incorporation into guanine was in- 
hibited much more than into adenine. It is 
suggested that this might indicate tumor in- 
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hibiting properties. The levels of the anti- 
biotic necessary to give significant inhibition 
are much higher than are required to affect 
bacteria. 
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Some Interrelations of Dietary Protein, Molybdenum, Riboflavin and 


Calories on Liver and Intestinal Xanthine Oxidase.* 


(20475) 


Dan A. RICHERT AND W. W. WESTERFELD 
From the Department of Biochemistry, State University of New York, Medical College at Syracuse. 


Previous studies(1-3) have described the 
dependence of liver and intestinal xanthine 
oxidase upon the dietary intake of protein, 
the xanthine oxidase factor, riboflavin(4) and 
calories(2). The additional studies herein 
reported on the interrelationship of the various 
factors were made possible by the identifica- 
tion of the xanthine oxidase factor as the trace 
element molybdenum(5,6). The following 
questions were studied. 1) How much does a 
“pure” deficiency of riboflavin and/or molyb- 
denum affect the concentration of xanthine 
oxidase in the liver and intestine, and does a 
specific deficiency of either factor alter the 
oxidase: dehydrogenase ratio of the enzyme? 
2) Is the loss of xanthine oxidase from these 
tissues during starvation due to an inadequate 
protein intake, the caloric restriction, or a 
combination of such factors? 3) Does the 
molybdenum content of the diet influence the 
protein effect on tissue xanthine oxidase? 
The latter question has a bearing on the use 
of liver xanthine oxidase concentrations as a 
criterion of the dietary value of a protein(7). 


Experimental. Riboflavin, Mo and calories. 


* This study was aided by a grant from the 
American Cancer Society upon recommendation of 
the Committee on Growth of the National Research 
Council. 


Weanling male albino rats were divided into 
4 groups and fed purified diets which were 
identical in composition with the one pre- 
viously described(1), except that the diets 
contained 24% Labco casein and 65% glu- 
cose. The diets were varied by adding or 
omitting molybdenum and riboflavin, as. 
shown with the results. When present, ribo- 
flavin and Mo (as Nag2MoOxz) were added to 
the diet at 4 and 1 mg per kg, respectively. 
These diets were fed ad libitum, and the daily 
food consumption of the rats consuming the 
control diet No. 4, containing riboflavin and 
Mo, was measured. A fifth group of rats was 
fed the same diet but was given daily only 
23% of the total food intake eaten by the con- 
trol group. A sixth group of rats was fed a 
diet containing 96% casein, 4% salts, the 
vitamin supplement and 1 mg Mo per kg diet, 
but these rats received daily only 25% of the 
amount of food eaten by the control group. 
These intakes were established so that Group 
6 would receive the same daily caloric intake 
as Group 5 and the same daily protein intake 
as the control Group 4. After feeding the 
diets for 2 to 3 weeks the livers and intestines 
were analyzed for xanthine oxidase in the 
presence and absence of methylene blue by 
the methods previously described(2). The 
results are shown in Table I. 
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TABLE I. Effect of Variations in Dietary Riboflavin and Molybdenum on Liver and Intestinal 
Xanthine Oxidase in Weanling Rats. 


Diet Days ,—Body wt—. No.of ,——Liver XOt—— Intestinal XOt—K 
No. B, Mo on diet Start End rats — +MB — +MB 
al -- — i 50 134 8 24+2.4 38+41 38+1.0 1242.7 
2 — + 14 oh 67 " 2643.0 42+3.8 2142.7 4043.1 
eo — — 14 47 on 6 28+-2.6 42+29 3+1.7 15+2.8 
ay oe + iy al 104 8 27+2.9 47+3.8 39+3.2 5844.6 
6* a + 13 52 39 3 25 39 39 64 


* A 96% casein diet fed at 25% of level of diet 4 eaten ad libitum. Diets 1-4 contained 24% 


casein. 


t+ Liver and intestinal xanthine oxidase values, determined in presence and absence of methyl- 
ene blue (MB), have been recorded as net emm QO, consumed per 20 min. per Warburg flask 
containing 283 mg fresh tissue; values are the mean + stand. error of the mean. 


TABLE Il. Lack of Effect of Partial Caloric Restriction, with and without a Simultaneous Reduction | 
in Protein Intake, on Rat Liver and Intestinal Xanthine Oxidase. 


EEE Th ae 


Casein 
: content, Amt fed, Body wt, g> No. of ——lLiver XOt——, (Intestine XOt¥j 
No. % Te* Daysfed Start End rats — +MB — +MB 
4 24 100 28 120 239 13 26+1.8 4742.5 382+1.8 4842.5 
5 24 23 22 119 85 als 3144.2 46+5.2 3543.5 5643.8 
6 96 25 20 125 90 10 26+2.2 44+3.7 37+2.4 57+3.9 


* Ad libitum consumption of 24% casein diet was taken as 100% (Group 4), and Groups 5 and 6 
were fed 23% and 25% respectively of this amount daily. 

+ Liver and intestinal xanthine oxidase values, determined in presence and absence of methylene blue 
(MB), have been recorded as net cmm O, consumed per 20 min. per Warburg flask containing 283 mg 
fresh tissue; values are the mean + stand. error of the mean. 


Xanthine oxidase was removed extensively 
from the intestine on molybdenum deficient 
diets whether riboflavin was present or not. 
‘When the diet contained both of these con- 
stituents, saturation levels of the intestinal 
enzyme were obtained, but only half as much 
enzyme was present when flavin was omitted. 
Calculation(8,9) of the oxidase:dehydro- 
genase ratio of the liver or intestinal enzyme 
showed that by this criterion the composition 
of the enzyme was unchanged by dietary 
variations in riboflavin and molybdenum. In 
this experiment a deficiency of riboflavin 
and/or molybdenum had no effect on the 
concentration or oxidase:dehydrogenase ratio 
of liver xanthine oxidase. Additional rats 
that had been on these diets for 4 to 5 weeks 
had intestinal xanthine oxidase values which 
were essentially identical with those shown in 
Table I. 

Since all of the rats in Group 5 and most 
of the rats in Group 6 died as a result of the 
caloric restriction within the first 2 weeks, 
this portion of the experiment was repeated 
with older rats. The daily food consumption 


of Group 4, which was fed the purified 24% 
casein diet containing riboflavin and Mo, was 
measured, and 23% of this amount was fed to 
Group 5; 25% of this amount of the 96% 
casein diet was fed to Group 6. ‘The results 
are shown in Table II. 

Both of the groups receiving the restricted 
food intake did not lose xanthine oxidase from 
either the liver or the intestine. Complete 
starvation caused a loss of this enzyme from 
both tissues(2) but a reduction in calories 
to % the usual food intake had no effect. 
This restriction of the 24% casein diet re- 
duced the absolute daily protein intake to less 
than that provided by the ad libitum feeding 
of an 8% casein diet; the latter caused a 
marked and almost complete loss of this en- 
zyme from both the liver and intestine(1), 
but when the calories were restricted simul- 
taneously, the tissue concentration of xanthine 
oxidase was unaffected. An obvious differ- 
ence exists between the effect of protein re- 
striction in the presence of adequate calories 
and the simultaneous restriction of both pro- 
tein and calories. 
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DIETARY FACTORS AND INTESTINAL XANTHINE OXIDASE 


TABLE III. Effect of Variations in Dietary Molybdenum and Protein on Liver and Intestinal Xanthine 


Oxidase. 
ee ———————— 


Dietary casein, % , oo — 24 — 18 — 8 — | 0 —, 
Dietary Mo, y/kg 40 1000 40 1000 40 1000 40 1000 40 1000 
Avg days on diet 21 23 23 2 19 22 23 23 t 13 
Final body wt, g* 107 LO peel Or 104 OY, 109 53 56 32 31 
No. rats analyzed ibit 14 14 9 11 12 12 7 is 
Xanthine Liver 27+2.6 28+1.8 21+2.0 19+2.0 1542.7 1543.6 341.2 441.8 942.7 543.9 

oxidaset Intestine 24+2.2 40+2.2 2542.1 3042.5 1844.9 2744.5 1241.9 14+2.1 1341.5 1943.4 


* Starting body wt averaged 37-39 g for all groups. : 
+ Liver and intestine xanthine oxidase activities have been recorded as net cmm O, consumed per 20 
min. per Warburg fiask containing 283 mg fresh tissue; values are mean + stand. error of the mean. 


Protein and Mo. Weanling male rats were 
fed diets varying in protein content from 0 
to 35% casein; each such diet contained 4 mg 
riboflavin and either 40 y or 1000 y Mo (as 
NazMoO,) per kg. The diets were otherwise 
identical with the one previously described; 
variations in the casein content were made 
with corresponding adjustments of the glucose 
concentration. After being on the diets for 
2 to 4 weeks, the rats were sacrificed and ana- 
lyzed for liver and intestinal xanthine oxidase. 
The results are shown in Table III. 

The dominant role of dietary protein in 
controlling the level of liver xanthine oxidase 
was again evident. Diets containing either 
1 mg or 0.04 mg Mo per kg gave the same 
level of liver enzyme at each protein concen- 
tration. Hence large increases in the molyb- 
denum content of the diet did not alter the 
response of liver xanthine oxidase to dietary 
protein. Low protein diets prevented the in- 
testinal xanthine oxidase from responding 
normally to either 40 or 1000 y of Mo/kg, 
but much higher levels of intestinal enzyme 
were obtained on a protein-free-Mo-containing 
diet than on an adequate protein intake with- 
out molybdenum. Hence the molybdenum 
content of the diet tended to dominate the 
control of the level of intestinal xanthine 
oxidase, just as protein dominated the liver 
enzyme. Since a dietary concentration of 40 
y Mo/kg was not enough to produce satura- 
tion levels of intestinal xanthine oxidase (i.e., 
above 30), the diets containing adequate pro- 
tein and 1000 y Mo/kg all gave higher levels 
of this enzyme in the intestine. Large amounts 
of dietary molybdenum did not give satura- 
tion levels of intestinal xanthine oxidase in 
the absence of an adequate protein intake. 


Summary. The omission of riboflavin and/ 
or molybdenum from a 24% casein diet fed 
to weanling rats had no effect on liver xan- 
thine oxidase within 2 weeks; a molybdenum 
deficiency in the presence or absence of ribo- 
flavin removed xanthine oxidase from the in- 
testine almost completely, while a riboflavin 
deficiency in the presence of molybdenum 
gave levels of intestinal enzyme which were 
about one-half the saturation levels achieved 
by a diet containing both molybdenum and 
riboflavin. The oxidase:dehydrogenase activ- 
ity of the enzyme present in the liver or in- 
testine was not altered by a riboflavin or 
molybdenum deficiency. Restriction of the 
daily food intake to 23% of the ad libitum 
intake of a 24% casein diet or 25% of a 
96% casein diet had no effect on liver or 
intestinal xanthine oxidase. The level of liver 
xanthine oxidase depended primarily on the 
protein content of the diet, and such values 
were the same whether the diet contained 0.04 
or 1 mg of molybdenum per kg. Intestinal 
xanthine oxidase levels were determined pri- 
marily by the molybdenum content of the 
diet, but low protein diets allowed only inter- 
mediate levels of this enzyme to be achieved 
even in the presence of a large excess of 
molybdenum. 
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KATHERINE L. SYDNOR AND GEORGE SAYERS. 


From the Department of Pharmacology, College of Medicine, University of Utah, Salt Lake City, 
and the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


The relatively high concentration of adreno- 
corticotrophic hormone (ACTH) in the blood 
of the adrenalectomized rat(1,2) makes it 
possible to determine the biological half-life 
of endogenous hormone in this animal. 

Methods. Male rats from the Holtzman- 
Rolfsmeyer farm weighing 200 to 300 g were 
acclimatized for 2 weeks in the laboratory 
“(constant lighting and constant temperature, 
76 + 2°F) before use in the experiments. 

Two separate experiments were performed 
to determine the rate of disappearance of 
ACTH from the blood of adrenalectomized 
rats following hypophysectomy. One week 
(Exp. 1) or 2 weeks (Exp. 2) after bilateral 
adrenalectomy, the animals were anesthe- 
tized with ether and either sham-hypophysec- 
- tomized (pituitary exposed, but not removed) 
or hypophysectomized. The sham-hypophy- 
sectomized animals served as zero-time con- 
trols. All rats were decapitated? and blood 
was drained from the trunk into 4 volumes 
of glacial acetic acid. Blood samples were 
collected exactly one minute after sham-hypo- 
physectomy, and 1, 2, or 3 minutes after 


* This investigation was supported in part by a 
research grant from the American Cancer Society, 
recommended by the Committee on Growth of the 
National Research Council, and in part by a re- 
search grant from the Medical Research and Develop- 
ment Board, Office of the Surgeon General, Depart- 
ment of the Army, Contract No. DA-49-007-MD-180. 

+ Adrenalectomized animals were given 0.9% 
sodium chloride solution to drink. 

t Decapitated in order to prevent the adenohypo- 
physis of the sham-hypophysectomized rat from 
contributing to blood ACTH during bleeding. 


hypophysectomy. The blood-glacial acetic 
acid mixtures from individual rats of each 
group were pooled and processed by the oxy- 
celluloseS method (3). 

Exp. 3 was designed to determine if the 
rapid disappearance of ACTH from the blood 
of adrenalectomized rats one minute after 
hypophysectomy could be attributed to in- 
activation in blood itself. Two weeks after 
bilateral adrenalectomy, 76 rats were exposed 
to ether for 2 minutes, then bled from the 
abdominal aorta for a period of one minute. 
One-third of each blood sample was added 
immediately to 4 volumes of glacial acetic 
acid; the remaining two-thirds were quickly 
transferred to a centrifuge tube, incubated for 
one minute at 37°C, and then immediately 
added to 4 volumes of glacial acetic acid. The 
non-incubated (control) and the incubated 
blood-glacial acetic acid mixtures were pooled 
separately and processed by the oxycellulose 
method. 

The pH of the HCl-eluate of each pool of 
processed blood was adjusted to 4 immedi- 
ately before assay for ACTH in male hypo- 
physectomized rats by the adrenal ascorbic 
acid-depletion method(4). The estimate of 
the concentration of ACTH in blood is based 
on the assumption that the oxycellulose 
method recovers 100% of the hormone. 
Studies on ACTH added to hypophysecto- 
mized rat blood indicate that 96 + 6% of 
the hormone is recovered(5). 


§ Samples of oxidized cellulose (10-12% COOH) 
were generously supplied by the Research Labora- 
tories, Tennessee Eastman Co. 
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TABLE I. Blood ACTH. 
Ascorbic acid depletion (mg/100g = Estimate of 
Dose (ml adrenal) ; conc., M+ 
per 100¢ , —, §.E.M., mut 
Exp. No. Test substance test rat) Individual responses* Avg per 100 ml 
1 U.S.P. ACTH Std. 1.0 mu 112, 80, 108, 145, 117 als lal 
20 43, 57, 34, 27, 50 42 
Adrenx rat blood, 1’ 6.0 ml oO E22 Sor a0g. 104 
after sham-hypox 3.0 84, 30, 61 58 (118425 
1.5 27,24, 27, 52 33 
Adrenx rat blood, 1’ 12.0 ml 111, 93, 109, 87, 88 98 
after hypox 6.0 46, 55, 40, 63 54 6.0 + 1.3. 
3.0 15, 13, 82 37 
Adrenx rat blood, 2’ 12.0 ml 74, 76, 35 86 
after hypox 6.0 31, 45, 20, 36, 30 30% BB eS 
3.0 5, 3, 28, 5, 10 2 
Adrenx rat blood, 3’ 12.0 ml 65, 48, 118, -16 as 
after hypox 6.0 48, 23, 35, 40 36 2.8 + 1.2 
3.0 42, -25, 16, -36, 36 7 
2 U.S.P. ACTH Std. 1.0 mu 188, 157, 160, 137, 145, 170 160 
5 102, 80, 125, 107, 69, 69 92 
25 63, 37, -4, 87, 77, 86 58 
Adrenx rat blood, 1’ 6.0 ml 124, 112, 134, 142, 107 124 
after sham-hypox 3.0 54, 97, 50, 71, 95, 82 75 Oe ey 
1.5 2, 98, 44, 77, 18, 42 47 
Adrenx rat blood, 1’ 12.0 ml_—-90, 105, 118, 145, 58, 75 98 
after hypox 6.0 45, 76, 61, 56 60 Bitoni) 
3.0 QT, 17, 234586, 20 9 
Adrenx rat blood, 3’ 24.0 ml 565, 108, 121, 123, 119 105 
after hypox 12.0 34, 65, 38, 68, 18, 11 40 20+ .6 
6.0 9, 65, 31, -7 25 
3 U.S.P. ACTH Std. 1.0 mu 140, 122, 171,102, 132,122,186 131 
9) 95, 64, 89, 80, 129, 127, 128 102 
25 49, 56, 65, 111, 105, 71 76 
Adrenx rat blood, 6.0 ml 105, 103, 222, 165, 128 145 
(control) 3.0 44,121, 138, 40, 55, 52, 80 80, 13.7 + 3.0 
1.5 83, 106, 50, 55, 32, 61, 20 58 
Adrenx rat blood (in- 12.0 ml 150, 124,196,178, 169 163 
cubated 1’ at 37°C) 6.0 158, 116, 185, 138, 146, 85 129 136 == 2.8 
3.0 33, 93, 81, 128, 85 84 
* Difference in ascorbic acid concentration in right adrenal removed prior to injection of 
test substance and concentration in left adrenal removed 1 hr after injection. 
t One mu equals one-thousandth of a U.S.P. unit of ACTH. 
Results. The individual and average re- lines of best-fit by the method of least squares 


sponses (adrenal ascorbic acid depletion) to 
the test material and to the Standard ACTH 
assayed on the same day, as well as the esti- 
mates of blood-ACTH concentrations, are 
presented in Table I. The data indicate that 
approximately 75% of the biological activity 
disappears from the blood within 3 minutes 
after hypophysectomy. Estimates of biologi- 
cal half-life were obtained by plotting the 
logarithm of the concentration of blood- 
ACTH against time, and by calculating the 


(Fig. 1). The estimates for the 2 experi- 
ments, 0.95 and 1.25 minutes, are in good 
agreement. 

The results of Exp. 3 indicate there is no 
appreciable loss of biological activity when 
adrenalectomized rat blood is incubated in 
vitro for one minute at 37°C. The estimate 
of the blood-ACTH concentration of the con- 
trol (non-incubated) blood is not significantly 
different from that of the incubated blood. 
It appears that the rapid disappearance of 3 
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1.21 HYPOPHYSECTOMY 
EXP |e +3 =1.25 MINUTES 
EXP 24 ts =0.95 MINUTES 


MINUTES 


LOG CONCENTRATION BLOOD ACTH (MU) 


FIG. 1. Rate of disappearance of ACTH from 
blood of adrenalectomized rats following hypophys- 
ectomy (zero-time). See text for explanation. 


ACTH from the blood of adrenalectomized 
rats one minute after hypophysectomy cannot 
be attributed to destruction of ACTH in 
blood itself. 

Discussion. The 2 estimates of biological 
half-life of endogenously produced ACTH, 
0.95 and 1.25 minutes, are in good agree- 
ment. The difference in the 2 estimates may 
be explained on the basis of the error of the 
bioassay method for the analysis of ACTH 
rather than on incomplete or inconsistent 
recovery of the hormone from blood by the 
oxycellulose method. Actually, incomplete- 
ness of recovery would have little, whereas 
inconsistency of recovery would have a sig- 
nificant, influence upon the estimation of the 
half-life of ACTH. The results of 7 separate 
experiments on recovery of Standard ACTH 
added to hypophysectomized rat blood indi- 
cate that the oxycellulose method recovers 
96 + 6% of the hormone(5). An analysis 
of the results of 14 separate experiments in- 
dicates that the mean concentration of ACTH 
in blood of acutely exsanguinated, adrenalec- 
tomized rats with intact pituitaries is 12.8 + 
0.6 mu per 100 ml. The small standard errors 
of these estimates provide strong evidence for 
consistency of recovery of endogenous ACTH 
by the oxycellulose method. 

No previous reports have appeared in the 
literature regarding the biological half-life of 
endogenous ACTH. Van Dyke e¢ al.(6) have 
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calculated the rate of disappearance of endo- 
genous ACTH and have estimated the “. . 
average life of the ACTH hormone molecule 
in the circulation of the rat at physiological 
levels” to be approximately 17 minutes. This 
estimate was based on adrenal weight changes 
in parabiotic rats, a bioassay technic which is 
quantitatively inadequate to measure ACTH. 
The estimate of the half-life of ACTH in the 
present study has been made, necessarily, in 
adrenalectomized rats. It is not technically 
feasible to determine the half-life in rats with 
intact adrenal glands. The concentration of 
ACTH in blood of the intact rat is too low, 
even under conditions of stress, to make a 
quantitative analysis of the type presented in 
this report. If the adrenals “utilize” ACTH, 
and on this point there are no definitive data, 
one would expect the half-life to be even 
shorter in the intact than in the adrenalecto- 
mized animal. 

Endogenously produced ACTH appears to 
have a shorter half-life than exogenous ACTH. 
Values of 5.5 minutes(7) and 5 minutes(1) 
have been reported for sheep ACTH adminis- 
tered to intact rats. Sheep ACTH apparently 
has the same half-life in adrenalectomized 
rats(1). Calculation of the data presented 
by Richards and Sayers(8) indicate that the 
half-life of rat ACTH administered to intact 
rats is approximately 2 minutes, a value in 
close agreement with the estimates for endo- 
genous ACTH presented in this study. The 
reason for the difference between the half- 
life of injected sheep and injected rat ACTH 
is not apparent. It is reasonable to assume 
that a study of endogenously secreted ACTH. 
has more physiological significance. 

The mechanisms concerned with the rapid 
disappearance of ACTH from the circulation 
are unknown. Inactivation in blood itself 
cannot be a major factor. Experiments on 
renal excretion of administered ACTH in 
rat(8) and man(9) indicate that no appre- 
ciable fraction of the hormone is excreted in 
biologically active form. However, no quan- 
titative data are available on renal excretion 
of endogenous ACTH. ACTH is rapidly in- 
activated when incubated with slices or homo- 
genates of various tissues(10). J vitro stud- 
ies of this nature are difficult to interpret in 
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physiological terms, since disintegrated cells 
exhibit an abnormally high degree of proteo- 
lytic activity. For example, intact pituitaries 
incubated for one hour at 37°C show no loss 
of ACTH activity, whereas crushed pituitaries 
lose practically all activity within a few min- 
utes after cell injury(11). 

Characterization of the dynamics of the 
pituitary-adrenocortical system would add ap- 
preciably to our understanding of the mech- 
anisms which influence the rate of elaboration 
of ACTH and the cortical steroids. It is now 
definitely established that ACTH release from 
the adenohypophysis is accelerated within a 
remarkably short time after application of a 
‘stressful stimulus. The indirect studies of Gray 
and Munson(12) suggest that acceleration 
occurs within 10 seconds after application of 
a stress. Recent direct analyses of blood- 
ACTH in this laboratory(5) indicate that the 
blood titer of ACTH is significantly increased 
within 2 minutes after subjecting animals to 
stressful stimuli. The present study estab- 
lishes the fact that ACTH, following its re- 
lease from the pituitary, has an extremely 
brief sojourn in the blood.|| It appears rea- 
sonable to conclude that the dynamics of 
ACTH release and disappearance are charac- 
terized by time factors which do not con- 
tribute an appreciable degree of inertia to the 
pituitary-adrenocortical system. 

No precise observations have been made 
on the time-lag between increased rate of re- 
lease of ACTH and of increased rate of secre- 
tion of corticosteroids by the adrenal. The 
concentration of total 17-hydroxycorticoster- 
oids(13) and of 17-hydroxycorticosterone (14) 
in blood is significantly increased 15 minutes 
after a single intravenous injection of ACTH 
in man. Experiments are in progress in ani- 
mals to determine with accuracy the time 
which elapses between accelerated ACTH re- 
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lease and accelerated adrenocorticosteroid 
secretion. 

Another important time-relationship, and 
the one which may contribute the greatest 
degree of inertia to the pituitary-adrenocorti- 
cal system, is the period which elapses be- 
tween the reduction of the blood-ACTH titer 
to pre-stress levels and the subsidence of the 
accelerated secretory activity of the adrenal 
cortex. Only meagre information is available 
on this aspect of the problem. Sweat ef al. 
(14) found 17-hydroxycorticosterone concen- 
tration in blood to remain abnormally high 
for 4 hours after a single intravenous injec- 
tion of 15 units of ACTH in man; apparently 
the secretory activity of the adrenal cortex is 
accelerated for a relatively long period after 
a brief stimulus with ACTH. More direct 
observations have been made by Farrell and 


Sweat (15) who determined steroid output by 


the adrenal after hypophysectomy; steroid 
output at one and 2 hours after hypophysec- 
tomy was 50 and 20%, respectively, of pre- 
operative levels. 


Finally, the rate of utilization, degradation | 


and excretion of blood adrenocorticosteroids 
must be determined in order to gain a com- 
plete characterization of the dynamics and, 
in turn, of the regulatory mechanisms of the 
pituitary-adrenocortical system. 

Summary. The biological half-life of endo- 
genous ACTH in blood of the adrenalecto- 
mized rat is approximately. one minute (0.95 
and 1.25 minutes for 2 experiments). No 
appreciable loss of biological activity occurs 
when adrenalectomized rat blood is incubated 
in vitro for one minute at 37°C. The rapid 
disappearance of ACTH from the blood of 
the adrenalectomized rat one minute after 
removal of the adenohypophysis cannot be 
attributed to inactivation of the hormone by 
blood itself. 


|| It is to be noted that the concentration of 
ACTH in blood of adrenalectomized animal is great- 
er than that in blood of intact animal. The dis- 
cussion assumes that rate of disappearance of ACTH 
from the circulation is the same at all blood con- 
centrations. The validity of the assumption can 
only be tested when a method is available for de- 
termining rate of disappearance of 
ACTH at low concentrations. 
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Chemical and Biological Studies on 1,2-Dihydro-s-triazines. IV. Activity 
in Pteroylglutamic Acid-Streptococcus faecaelis No. 8043 Systems. (20477) 


G. E. Forry. (Introduced by Harry Eagle) 


From the Laboratories of Microbiology, The Children’s Cancer Research Foundation and the 
Department of Pathology, Harvard Medical School, at Children’s Medical Center, Boston, Mass. 


Preliminary communications from these 
laboratories reported the synthesis(1,2) of an 
hitherto undescribed class of compounds, the 
1,2-dihydro-s-triazines which exhibit signifi- 
cant anti-malarial* (1-3), anti-tumor(3), and 
anti-vitamin(1,4) activity. Details of the 
synthesis, chemical characterization and iden- 
tification of these compounds are recorded 
elsewhere(2,5). During the course of these 
studies, certain derivatives of this series also 
have been synthesized independently by 
others in connection with studies on the iden- 
tification of the active metabolite of palu- 
drine(6,7). 

The biological activity of the symmetrical 
dihydrotriazines was first observed in these 
laboratories early in 1950 when the parent- 
compound of the series (D-19* HCl) was 
studied in routine screening assays for micro- 
biological activity. Since that time, more 


* We are indebted to J. H. Williams and his col- 
leagues of the Lederle Laboratories, Pearl River, 
N. Y. for the anti-malarial assays. 

+ The routine screening program, which comprises 
several standard microbiological assay systems as 
well as studies with a number of miscellaneous bac- 
teria and fungi was organized in 1947 as one part 
of a broad program in the chemotherapy of cancer 
initiated by Sidney Farber. 


than 250 samples of 71 derivatives of this 
series have been studied. The purpose of the 
present communication is to report the activ- 
ity of these compounds in Streptococcus fae- 
calis No. 8043+-pteroylglutamic acid (PGA) 
assay systems. 


Methods. PGA assays(8) using Strepto- 
coccus faecalis were done in Difco PGA Assay 
Medium or the casein hydrolysate medium 
prepared as described by Tepley and Elve- 
hjem(9). The basal medium was diluted 
(usually 1:1) with glass-distilled water to 
yield uniformly reproducible optical densities 
of 4.0-6.0 x 10 from minimal inocula with the 
addition of PGA and no growth in the absence 
of PGA. Media were handled in chemically 
clean glassware, dispensed in 10 ml volumes 
in 22 x 175 mm optically standardized tubes, 
closed with loose fitting aluminum caps and 
autoclaved 5 minutes at 15 lb _ pressure. 
Crystalline PGA, other metabolites and the 
various dihydrotriazines were prepared in ap- 
propriate concentrations in sterile glass-dis- 
tilled water and added aseptically to the 
cooled sterile medium to the desired final con- 
centration. Assays were incubated at 37°C 
for 24 hours. Optical density was read di- 
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TABLE I. Inhibition of Streptococcus faecalis #8043-PGA Assay Systems by Ketone 
Derivatives of Dihydrotriazine Series. 


Structure (1) 


eHCl 
=o toe Inhibition index vs. PGA 


Compound Rs 01 y/ml .001 +/ml 
D-19 (2) 4’-carbethoxyphenyl methyl methyl 37.5 325.0 
D-20 (2,3,4,5) 4’-chlorophenyl st i 9.5 95.0 
D-22 (6) 4’-carboxyphenyl ¢ y; 350000 3500000 
D-23 (3,5) phenyl a a 10.0 110.0 
D-27 (2) 4’-carboxamidophenyl is - 1625 6870 
D-32 (1) phenyl 2 a 33.3 114.0 
D-38 2’-tolyl 2 ts 4000 12000 
D-40 4’-chlorophenyl pentamethylene 16000 80000 
D-43 ef methyl ethyl 260.0 495.0 
D-53 2’ 4’-dichloropheny1 s methyl 15000 34000 
D-54 (3,7) 3’,4’-dichlorophenyl ¥ es 10.0 35.0 
D-56 2’,5’-dichlorophenyl a ¥ 330000 2000000 
D-64 4’-chloropheny] tetramethylene 460.0 100.0 
D-65 4’-bromophenyl methyl methyl 12.0 40.0 
D-66 phenyl S ethyl 240.0 640.0 
D-68 2’-chlorophenyl s methyl 14100 72400 
D-69 3’-chlorophenyl ‘a = 32.5 75.0 
D-72 2’-tolyl tetramethylene 310000 800000 
D-73 4’ -nitrophenyl methyl -methyl 470.0 4000 
D-75 3’,4’-dichlorophenyl # ethyl 37.5 250.0 
D-81 (8) 4’- (4,6-diamino-1,2- i“ methyl 375000 2250000 
: dihydro-2,2-dimethyl- 
1-s-triazinyl)-phenyl 
D-82 2’-bromophenyl1 methyl methyl 164000 1520000 
D-83 4’-tolyl 2 au 40.0 340.0 
D-87 4’-chlorophenyl g n-propyl 400 1800 


(1) R, = H except in the case of compound D-32 - HCl where R, = CHsg. 


(2) Free base microbiologically active. 


(3) Dihydrochloride microbiologically active. 


(4) Nitrite, nitrate and bicarbonate microbiologically active. 


(5) Pierate microbiologically active. 


(6) Inactive un-blocked hydrochloride (see text). 
(7) Sample received through the courtesy of Imperial Chemical Industries, Ltd., Manchester, 
England showed similar microbiological activity. 


(8) As the dihydrochloride. 


rectly in a Lumetron colorimeter adjusted so 
that medium blanks read zero versus the 
650 my filter. 

The test compounds were titrated from 
1000 y/ml or more to the minimal inhibiting 
dose in repeated serial assays in the presence 
of 0.01 and 0.001 y/ml of PGA, amounts 
which represent excess and minimal concen- 
trations supporting maximal growth under 
these experimental conditions. PGA and me- 
dium controls were included in each experi- 
ment. Assays in which low values in the PGA 
controls or growth in the medium controls 
occurred were discarded. The 50% minimal 
inhibiting dose$(10) for the excess and mini- 


mal concentrations of PGA was interpolated 


§ The 50% minimal inhibiting dose and inhibition 
index are relative values and do not necessarily 


bear any direct relationship to the minimal inhibit- | 


ing dose required for the complete inhibition of 
a given inoculum in a given assay system. Although 


subject to somewhat less variation than “complete | 


inhibition”, variations in procedure and the basal 
medium are reflected in the mathematical inter- 
polation of the 50% inhibition index, hence such 
values may not be exactly reproducible under other 
experimental conditions. However, the relative re- 
lationships among a series of inhibitors should be 
comparable at these 50% values irrespective of 


_ variation in assay systems. 
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TABLE II. Inhibition of Streptococcus faecalis #8043-PGA Assay Systems by Aldehyde 
Derivatives of Dihydrotriazine Series. 


Structure (1) 


2 
SS 
eHCl 
oh 
NHR 


Inhibition index vs. PGA 


Compound Res 01 y/ml 001 y/ml 
D-31 phenyl n-propyl 1500 2500 
D-34 (2) za phenyl 2500 6200 
D-37 4’-chlorophenyl Me 380 880 
D-45 (3) te methyl 220 750 
D-47 7 2’-chlorophenyl 550 750 
D-48 ie n-propyl] 235 1750 
D-49 4’-anisyl re 480 4800 
D-55 3’,4’-dichlorophenyl phenyl 62 440 
D-57 2’ ,4’-dichlorophenyl ¥ 13000 110000 
D-58 2’,5’-dichlorophenyl a 7500 75000 
D-59 4’-chlorophenyl i-propyl 1050 4400 
D-60 (2,3) 2 ethyl 200 500 
D-62 3’,4’-dichlorophenyl i-propyl 365 990 
D-63 (3) « ethyl 40 104 
D-67 cs methyl 32.5 125 
D-76 M4 n-propyl 95 350 
D-84 4’-chlorophenyl] n-hexyl 45 220 
D-86 (1) *5 phenyl 4200 6200 ° 
D-88 2’-tolyl n-propyl 640000 200000 

(1) Rs = H except in compound D-86+- HCl where R, — CH. 

(2) Free base also microbiologically active. 

(3) Dihydrochloride also microbiologically active. 


from a plot of the data obtained from such 
titrations. 

Inhibition analyses(11) were done in sys- 
tems containing 0.01 y/ml of PGA, to which 
were added the minimal concentrations of the 
respective dihydrotriazines which completely 
inhibited growth as determined by previous 
titration in the presence of excess concentra- 
tions of PGA. Various metabolites were then 
titrated in these inhibited systems to deter- 
mine their ability to reverse dihydrotriazine 
inhibition. Those derivatives characterized 
by a 50% inhibition index of less than 100 
were studied under these experimental condi- 
tions. Similar assays inhibited with 4-amino- 
pteroylglutamic acid (4-APGA) also were 
done for purposes of comparison. 

Results. The 50% inhibition indices ob- 
tained with 2,2-di-substituted and 2-mono- 
substituted derivatives are presented in 
Tables I and II. Microbiological activity 
varies considerably with substitution in the 
molecule in either series. Maximum activ- 
ity is obtained with 2,2-dimethyl substitu- 


tionsiwe.g.,61)-20 HEC's (Ro Ree CH. ) 
exhibits greater activity than its isomeric 
derivative D-60 * HCl (Re = Cs Hs) 
(Table II) or D-43 * HCl (Ro = CHs, Rg 
—=C.H;) (Table I). If the structure is other- 
wise unaltered microbiological activity is en- 
hanced by para-or-meta-halogen substitution 
in the phenyl ring and activity is further in- 
creased by 3’,4’-di-halogen-substitution, as 
illustrated by a comparison of the microbio- 
logical activity of compounds D-23 + HCl, 
D-20* HCl, D-69* HCl, D-65* HCl, and 
D-54 * HCI (Table I). 

Substitution of a sufficiently large group at 
the ortho-position of the phenyl ring (e.g., Cl 
in compound D-68* HCl) results in reduced 
microbiological activity and similarly, the 
presence of a large blocking group at the 
2-position of the triazine ring (@.g., penta- 


|| Two samples of this compound were used in 
these studies, one synthesized in these laboratories 
by Dr. E. J. Modest and another supplied through 


the courtesy of Imperial Chemical Industries, Ltd., 


Manchester, England. 
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TABLE III. Relative Inactivity of Isomers of Certain Dihydrotriazines in Streptococcus 
faecalis #8043-PGA Assay Systems. 

Structure (1) 

ore R3 
Rl Te Gon Inhibition index vs. PGA 
Compound R, Re R, 01 y/ml .001 y/ml 
DX-19 4’-carbethoxyanilino methyl methyl 140000 980000 
DX-20 4’-chloroanilino 4 f 6400 52000 
DX-20 » HNO, + 3 ie 32500 325000 
DX-20 + HCl es ta e 56000 375000 
DX-20 - 2HCl 4: 4 5800 35000 
DX-22 4’-carboxyanilino rn a 188000 1130000 
DX-23 anilino : a 600000 6000000 
DX-29 (1) i 4 2 75000 750000 
DX-30 + HCl N-methylanilino * iy 200000 2000000 
DX-34 anilino H phenyl 156000 1560000 
DX-35 » HCl (1) 4’-chloroanilino methyl methyl 20000 200000 
DX-60 2 H ethyl 49000 500000 


(1) In compound DX-35, NH, is replaced by NHCH,; in compound DX-29, NH, is replaced 


by N(CHs)2. 


methylene in compound D-40* HCl) also 
diminishes microbiological activity (Table I). 
All hydrochlorides studied thus far which do 
not possess either of these structural features 
have exhibited microbiological activity ex- 
cept the para-carboxy derivative D-22 * HCl 
(Table I). 


The free bases prepared by careful neu- 
tralization of the corresponding dihydrotria- 
zine hydrochlorides also exhibit microbio- 
logical activity (Tables I, II) while the iso- 
meric (DX) compounds prepared by re- 
arrangement of the corresponding (D * HCl) 
structures under appropriate conditions (1,2,5) 
are relatively inert in Streptococcus faecalis- 
PGA systems (Table III). A more detailed 
study of the relation of chemical structure to 
microbiological activity, as well as the reduced 
activity resulting from substitution at the 
ortho-position of the phenyl ring and the 
2-position of the triazine ring will be pre- 
sented in subsequent reports. 


Inspection of the 50% inhibition indices 
(Tables I, IL) indicates that these dihydro- 
triazines exhibit a non-competitive antag- 
onism(12). The 50% inhibition indices com- 
puted over a wide range of concentrations of 
PGA (e.g., Fig. 1) further illustrate the 
minimal effect of increasing concentrations of 
PGA on the 50% minimal inhibiting dose. 
The results of other experiments in which 


excesses of PGA were added to the basal 
medium containing 0.01 y/ml of PGA and 
inhibitory concentrations of dihydrotriazine 
indicate that if at all, inhibition is reversible 
by PGA only within a narrow range of con- 
centration of inhibitor. The magnitude of 
this range varies somewhat with different de- 
rivatives but in each instance concentrations 
of dihydrotriazine slightly in excess of the 
minimal inhibiting doses are uniformly irre- 
versible by excess PGA. 

The results of inhibition analyses with the 
2,2-di-substituted derivatives exhibiting most 
activity versus PGA (D-20* HCl, D-23 « HCl, 
D-54* HCl) and a derivative of moderate 
activity (D-19 * HCl) together with the most 
active (D-63 * HCl) and least active (D-76° 
HCl) 2-mono-substituted derivatives are sum- 
marized in Table IV. The inhibition induced 
by all derivatives was reversible by dihydro- 
pteroylglutamic acid! (dihydro-PGA) (13), 
N?°-formylpteroylglutamic acid’ (N1°-formyl- 
PGA) (14), leucovorini(15), and citrovorum 
factor! (CF) (16) but not by PGA. The con- 
centrations of the various metabolites required 
for the reversal of different derivatives varied 
but did not appear to be directly related to 
the 50% inhibition index vs PGA. 


{We wish to express our appreciation to the 
Lederle Laboratories, Pearl River, N. Y., for gen- 
erous samples of these compounds. 
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OPTICAL DENSITY X10 


(isa) 


1.0 0.1 0.01 0.64 0.32 0.16 0.08 0.04 
COMPOUND D- 20 gammavai. COMPOUND D-54 gomma/ml. 
PTEROYLGLUTAMIC ACID 50% INHIBITION INHIBITION PTEROYLGLUTAMIC ACID SO%INHIBITION INHIBITION 

-gamma/mi. gamma/ml. INDEX gamma/ ml. gamma/ni. INDEX 

10.0 — — — — 0.10 0.01 100.0 —»—-—e 0.3! 0.003! 

0 0.10 0.10 WO SSS 0.28 0.028 
0.1! ——+——_»__» 0.095 0.95 0 0.30 0.30 
VO) Sa 0.095 9.50 0.0 /——e——e——e 0.10 10.0 
(9).(8)0) | — 2 0.095 95.0 0500 0.035 35.0 

FIG. 1. 


Effect of increasing concentrations of PGA on 50% minimal inhibiting dose of dihydrotriazine. 


Similar studies with the purines, pyrimi- 
dines, nucleotides and nucleosides indicate 
that unlike 4-APGA(17) the dihydrotriazines 
are not reversed by excesses of adenine and 
guanine or their derivatives but are partially 
reversed by excess uracil or uridylic acid, 
desoxyribonucleic acid and more completely 
by thymine (Table IV). 

In general, excess concentrations of other 
vitamins have no effect on the inhibition of 
Streptococcus faecalis by these dihydrotria- 
zines. However, certain derivatives of this 
series exhibit considerable microbiological ac- 
tivity versus Lactobacillus arabinosus No. 
17-5** in niacin assay systems(1). The in- 
hibition of Streptococcus faecalis by such 
compounds is partially reversed by high con- 
centrations of niacin; for example, D-54 * HCl 
in concentrations circa 1.0 y/ml inhibits 
Lactobacillus arabinosus in niacin assay sys- 


** Lactobacillus plantarum, A.T.C.C. No. 8014. 


tems, while concentrations circa 100 y/ml of 
niacin partially reverse D-54 * HCl inhibition 
in Streptococcus faecalis-PGA assay systems. 
Detailed studies of the inhibition observed in 
Lactobacillus arabinosus and other Lactobacil- 
lus assay systems will be reported elsewhere. 

Discussion. The microbiological activity of 
these symmetrical dihydrotriazines in Strep- 
tococcus faecalis systems differs from that ex- 
hibited by structural analogs of PGA in that 
inhibition is essentially non-competitive over 
a wide range of concentrations of PGA and 
is irreversible by excess PGA. Subsequent to 
the original communication from these labora- 
tories(1) several classes of compounds bearing 
a formal structural relationship to these di- 
hydrotriazines, namely aryl-diamino-pyrimi- 
dines(18,19) ,-as-triazines(19) and -guana- 
zoles(19) also have been reported to be non- 
competitive inhibitors of PGA in Streptococ- 
cus faecalis systems. Consideration of the 
biologically active configuration of the sym- 
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TABLE IV. Reversal of Dihydrotriazine Inhibition in Streptococcus faccalis #8043-PGA Assay 
Systems. 
a a ern en Tn scala RE eer Ga pea ka min I yam tan Ra 
Concentration in y/ml reversing inhibition of : 


D-19-HCl D-20-HC]l D-23-HCl D-54-HCl D-63-HCl D-76-HCl 4-APGA 
( -—y/ml: —, 
Metabolite 125 .60 .60 23 2.0 4.0 Jl 
Pteroylglutamie acids 
Pteroylglutamie acid 0 0 0 0 0 0 4 
Dihydropteroylglu- OL 1.0 1.0 10.0 1.0 1.0 
tamie acid ‘ 
N”-formylpteroy]- 01 10 20.0 20.0 1.0 1.0 0 
lutamie¢ acid 
ier .00001 .0001 .0001 -0001 0001 .00001 .000005 
Citrovorum factor .0000005 .00005 00005 .00005 .0005 .00005 .00005 
Purines* 
Adenine 0 0 0 0 0 0 100.0% 
Guanine 0 0 0 0 0 0 100.0% 
Pyrimidines* 
Thymine 1.0 1.0 10.0 10.0 1.0 1.0 10.0 
Uracil 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Cytosine 0 0 0 0 0 0 0 
Nucleotides*t . 3 
Adenylie acid 0 0 0 0 0 0 500.0% 
(yeast) ¢ ¢ 
Guanylic acid 0 0 0 0 0 0 500.0+ 
Cytidylie acid 0 0 0 0 0 i .0 0 
Uridylie acidt 500.0 500.0 500.0 500.0 500.0 500.0 1000.0 
Nucleosides* t + 
Adenosine 0 0 0 0 0 0 1000.0% 
Guanosine 0 0 0 0 0 20) 1000.04 
Cytidine 0 0 0 0 0 0 0 
Uridine 0 0 0 0 0 0 0 
Nucleic acids* 
Ribose 0 0, 0 0 0 0 0 
Desoxyriboset 100.0 100.0 100.0 100.0 100.0 100.0 


* Tested in concentrations 100-.1 y/ml. 
+ Thymidylic acid and thymidine not tested. 
$ Cirea 50—75% reversal. 


Addition of PABA to 100 y/ml had no sparing effect in these systems. ; : 
Similar results were obtained with sample of dichloro-derivative (D-54+ HCl) supplied by Imperial 


Chemical Industries, Ltd. 


metrical dihydrotriazines in relation to these 
other types of compounds will be reported 
elsewhere. 

It has become generally accepted that CF 
is the physiologically active form of PGA as 
suggested by Sauberlich(20) and that PGA 
is concerned with the utilization of thymine 
or thymidine in the synthesis of nucleic acids 
(21-24). CF(25,26) and thymidine(23,26) 
have been shown to replace PGA and to re- 
verse inhibition produced by analogs of PGA 
in microbiological systems. These and other 
microbiological studies, toxicity studies in 
mice(25,26) and more recent 7m vitro. observa- 
tions on liver slices(27) suggest that the in- 
hibition produced by analogs of PGA is due 


at least in part to interference with the con- 
version of PGA to CF in biological systems. 
The ability of reduced PGA and formylated 
PGA as well as CF and thymine to reverse di- 
hydrotriazine inhibition suggests that like 
4-APGA, the dihydrotriazines may interfere 
with the conversion of PGA to CF. How- 
ever, the dihydrotriazines differ from 4-APGA 
in that non-competitive inhibition by the 
former is not relieved by adenine or guanine 
and is not reversed by PGA. In this respect, 
the behavior of the dihydrotriazines in Strep- 
tococcus faecalis systems resembles that of 
4-APGA and other analogs of PGA in mam- 
mals in that once inhibition (or toxicity) has 


occurred, it is not readily reversed by PGA 
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(28) but can be reversed with CF (25,26) and 
nucleic acids(17). Preliminary experiments 
indicate that the temporal sequence of ex- 
posure to inhibitor and metabolite may be of 
importance in the dihydrotriazine inhibition 
of Streptococcus faecalis as has been observed 
with 4-APGA in mammals(29). 

Summary. A series of 71 1,2-dihydro-s-tri- 
azines have been studied in Streptococcus 
faecalis No. 8043-pteroylglutamic acid assay 
systems. The active derivatives exhibit non- 
competitive inhibition over a wide range of 
concentrations of PGA and differ from 4- 
aminopteroylglutamic acid in that inhibition 
is not relieved by adenine or guanine and is 
irreversible with pteroylglutamic acid. Dif- 
ferences in microbiological activity could be 
correlated with certain variations in structure 
and substitution in the molecule with the 
series. Maximum activity is obtained with 
2,2-dimethyl substitution in the triazine ring 
together with para- and meta-halogen sub- 
stituents in the phenyl ring. The inhibitory 
effect of these compounds on Streptococcus 
faecalis No. 8043 is reversed by appropri- 
ate concentrations of dihydropteroylglutamic 
acid, N!°-formylpteroylglutamic acid, syn- 
thetic and natural citrovorum factor and thy- 
mine, suggesting that these compounds inter- 
fere with the conversion of pteroylglutamic 
acid to citrovorum factor. 


The invaluable technical assistance of Brittmarie 
Lindsjo, Carolyn Hall, Janet Smith and Edward 
Botan during the course of these studies is gratefully 
acknowledged. 
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Chemical and Biological Studies on 1,2-Dihydro-s-triazines. V. Inhibition 


of Derivatives of Pteroylglutamic Acid. 


(20478) 


G. E. Forry. (Introduced by Harry Eagle) 


From the Laboratories of Microbiology, The Children’s Cancer Research Foundation and the 
Department of Pathology, Harvard Medical School, at Children’s Medical Center, Boston, Mass. 


Previous reports have described the non- 
competitive inhibition of pteroylglutamic acid 
(PGA) in Streptococcus faecalis No. 8043* 
systems by the dihydrotriazine hydrochlorides 
(1,2) and the reversal of this inhibition by 
dihydropteroylglutamic acidt (dihydro-PGA), 
N?°-formylpteroylglutamic acid! (N?°-formyl- 
PGA), leucovorint and citrovorum factort 
(CF)(3). The present report concerns the 
inhibition of these latter metabolites by ap- 
propriate concentrations of the dihydrotria- 
zine hydrochlorides. 


Methods. The media, methods of prepara- 
tion and assay employed with S. faecalis were 
as described previously (2,3) except that min- 
imal and excess concentrations of dihydro- 
PGA, N?°-formyl-PGA, leucovorin and CF 
were substituted for PGA in the respective 
assays. The medium described by Sauberlich 
and Bauman(4) was used for Leuconostoc 
citrovorum No. 8081+ assays; otherwise meth- 
ods were the same except that titrations were 
incubated for 48. hours. The dihydrotriazine 
hydrochlorides characterized by a 50% in- 
hibition index of less than 100 vs PGA(3) 
were titrated in these systems and the 50% 
inhibition indices(5) computed. 

Results. The calculated 50% inhibition 
indices of representative compounds vs these 
metabolites are compared with those obtained 
vs PGA in S. faecalis and vs CF in L. citro- 
vorum assay systems in Table I. The inhibi- 
tion of reduced or formylated PGA as well as 
CF could be accomplished in S. faecalis sys- 
tems only by considerably higher inhibitor: 
metabolite ratios than those which were ef- 


AV. ©.Cy Nos8043: 

+ We wish to thank the Lederle Laboratories, Pearl 
River, N. Y., for generous samples of these com- 
pounds. 

Another sample of dihydro-PGA synthesized in 
these laboratories by Dr. E. J. Modest also was 
used in these studies. 

t A.T.C.C. No. 8081. 


fective vs PGA. The 2,2-dimethyl-substituted 
derivatives in general were more active than 
the analogous 2-mono-substituted compounds. 
The unsubstituted phenyl (D-23 * HCl) and 
3’-chlorophenyl (D-69 * HCl) compounds ex- 
hibited greatest activity vs CF in both micro- 
biological systems. Halogen substitution at 
the 4’- and 3’,4’-positions of the phenyl ring 
had little effect on activity vs dihydro-PGA or 
N?-formyl-PGA but resulted in decreased 
activity vs CF in either system as illustrated 
by a comparison of the activity of compounds 
D-23* HCl, D-20*HCI, and D-54* HCIS 
while methyl substitution at the 4’-position of 
the phenyl ring (D-83* HCl) resulted in a 
marked decrease in activity vs dihydro-PGA 
as well as CF (Table I). These relationships 
between structure and biological activity vs 
these metabolites will be considered elsewhere 
in greater detail. 

The inhibition indices obtained with a 
number of derivatives in preliminary titra- 
tions suggested competitive inhibition. How- 
ever, when such compounds were titrated vs 
a wider range of concentration the inhibition 
indices shifted with increasing concentrations 
of metabolites, indicating that competitive in- 
hibition obtains only over a relatively limited 
range of metabolite concentrations (Table IT). 
This range varied with different derivatives, 
but in no instance did it exceed a 5-10 fold 
difference in concentration. The inhibition of 
CF in L. citrovorum assay systems appeared 
to be non-competitive over the range of 
metabolite concentrations noted in Table IT. 

Discussion. The inhibitory activity of this 
series of dihydrotriazines vs dihydro-PGA, 
N'°-formyl-PGA and CF resembles that ex- 
hibited vs PGA(3) in that a competitive in- 


§ Two samples of this compound were used in 
these studies, one synthesized in these laboratories 
by Dr. E. J. Modest and another supplied through 
the courtesy of Imperial Chemical Industries, Ltd., 
Manchester, England. 
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TABLE I. Comparative Activity of Dihydrotriazine Hydrochlorides vs. PGA, Dihydro-PGA, N*-Formyl-PGA and OF. 
R 
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4, TABLE II. Inhibition Indices of Dihydrotriazine 
sesesssss A Hydrochlorides ys. MOE ne Concentrations of 
ASSSERES |= Metabolites. 

aod ns 50% Inhibition index 

a Compound Streptococcus faecalis #8043 

e Dihydro-PGA, y/ml 

_ 001 OL all 1.0 
SS D-20 + HCl 800 1200 100 12 
RASSZ5Ss/8 D-84- HCl 1100 460 55 5 

ie pe i N*-formyl-PGA, y/ml 

2 0001 001 .O1 zi 

D D-23 + HCl 920 820 340 42 

++ D-69 - HCl 550 860 400 42 
aASSotoaSsSs Citrovorum factor, y/ml* 

Se BOER .00005 -0005 -001 002 , 

a D-69 - HCl 2000 10800 9370 18750 

S D-84- HCl 76000 52000 48000 25000 

3 * Similar results with leucovorin. 

vo 
S S S $ E = S S s hibitor: metabolite relationship obtained only 

“A 4 NS 7 over a relatively narrow range of metabolite 

5 concentrations. Although this range was 

2 broader than that observed vs PGA, increasing 

& concentrations of dihydro-PGA, N?°-formyl- 
oat ee | PGA, and CF resulted in a marked shift in 
ue a serene the inhibition index. Similar changes in the 

inhibition index with increasing concentrations 

of metabolite have been observed with 4- 

Sele oa aminopteroylglutamic acid(6). These dihy- 

e no aed ole drotriazines then are not typical examples of 

S) ja 234 ele competitive inhibitors according to classical 

5 a definition(7); thus the present results are in- 

= terpreted to indicate that the inhibition of 

5 oS z dihydro-PGA, N?}°-formyl-PGA and CF by 

b eee these dihydrotriazines is essentially non-com- 
a ae epee bn rz petitive. 

3 The decreased effectiveness of the inhibi- 

* _, tion of dihydro-PGA and N1°-formyl-PGA as 

iE = + compared to PGA is further indication that 

BEE 8 a % these compounds interfere with the biological 

Peete = conversion of PGA to CF in S. faecalis sys- 

S' ® S' : ile * 25 tems. The similarity in the response of either 

Bessa & 24 CF system to the compounds in this series 

as & “ <>  |2 © suggests that the mechanism of utilization and 

ea inhibition of CF may the same in S. faecalis 

«6 and L. citrovorum. However, the marked in- 

a's crease in the inhibition indices vs CF as com- 

~2 pared to PGA, dihydro-PGA and N?°-formyl- 
SBBS56n66 = PGA suggests that the inhibition of CF sys- 
St et Eo Et 2 tems may involve a different mechanism of 
Laeaeet 3 = = S S se action, i.e., interference with the utilization of 
Peet Anal 2 CF rather than inhibition of the synthesis of 
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CF in PGA systems. This possible difference 
in mechanism of action may be of significance 
in the interpretation of the effects of the di- 
hydrotriazines in other biological systems. 
Studies with several of the early compounds 
in this series failed to demonstrate microbio- 
logical activity in systems in which thymine 
was substituted for PGA(1). However, ex- 
periments now in progress indicate that a 
number of derivatives synthesized more re- 
cently in these laboratories may exhibit sig- 
nificant anti-thymine activity. Details must 
await completion of current experiments. 
Summary. Dihydropteroylglutamic acid, 
N?°-formylpteroylglutamic acid and _ citro- 
vorum factor are inhibited non-competitively 


by a number of 1,2-dihydro-s-triazines when ~ 


substituted for pteroylglutamic acid in S. 
faecalis No. 8043 assay systems, but only 
by inhibitor:metabolite ratios considerably 
higher than those required for the inhibition 
of pteroylglutamic acid in the same microbio- 
logical system. Citrovorum factor also is 
similarly inhibited in L. citrovorum No. 8081 


Chemical and Biological Studies on J1,2-Dihydro-s-Triazines. 
velopment of Resistance by Streptococcus faecalis No. 8043. 


G. E. Fotry ANnp P. L. Watson. 


assay systems. The phenyl- and 3’- and 4’- 
halophenyl-2,2-dimethyl derivatives were the 
most active compounds of the series and cer- 
tain correlations can be made between struc- 
ture and microbiological activity vs these 
metabolites. 
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(Introduced by Harry Eagle.) 


From the Laboratories of Microbiology, The Children’s Cancer Research Foundation and the 
Department of Pathology, Harvard Medical School at the Children’s Medical Center, Boston, Mass. 


The development of resistance to various 
analogs of pteroylglutamic acid (PGA) has 
been described in human leukemia(1) and in 
experimental mouse leukemia(2-8). Resist- 
ance to these chemotherapeutic agents also 
has been reported as occurring in Tetrahymena 
geleuw by Kidder, Dewey, and Parks(9), in 
Streptococcus faecalis No. 8043 by Foley(10), 
and more recently by Burchenal, Waring, and 
Hutchison(11). 

Previous publications from these labora- 
tories have described the non-competitive 
inhibition of S. faecalis No. 8043* in PGA 
assay systems by another class of antagonists, 
the 1,2-dihydro-s-triazines(12,13). The pur- 


AUT al ComNon8043% 


pose of the present report is to describe ex- 
periments dealing with the isolation and origin 
of a number of strains of S. faecalis No. 8043 
which are resistant to inhibition in PGA assay 
systems by these compounds. Media, meth- 
ods of preparation and assay were identical 
with those previously described(12,13) un- 
less otherwise stated. 


Isolation of resistant strains. When S. 
faecalis-PGA assay systems containing inhib- 
iting concentrations of the dihydrotriazine 
hydrochlorides were incubated beyond the 
usual 18-24 hour period, growth occurred after 
a prolonged lag phase. Thus the minimal 
inhibiting concentration of 4,6-diamino-l- 
(3’,4’-dichloropheny]) -1,2-dihydro-2,2-dimeth- 


STUDIES ON 1,2-DIHYDRO-S-TRIAZINES 


A.NORMAL STRAIN 


OPTICAL DENSITY XIO 


5.0 NONE 
4.0 
0.18625 eee 
ao 0.3125 Are 
2.0 
1.0 
0 y = 
(e) 12 24 36 48 
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B. RESISTANT STRAIN 


NONE 
——- —- 0.625- 20 ¥/mi. 


60 72 ie) 12 24 


HOURS INGUBATION 
FIG. 1. (A) Delayed growth of Streptococcus faecalis #8043 in PGA assay media containing 


0.01 y PGA and stated concentrations of D-54- 


HCl/ml. (B) Growth of D-54-+- HCl-resistant 


strains in same medium with and without D-54-+- HCL. 


yl-s-triazine hydrochloridet (D-54 * HCl) was 
0.625-1.25 y/ml in systems containing 0.01- 
0.001 y/ml PGA. However, delayed growth 
occurred within 72 hours in the presence of 
all concentrations through 20 y/ml (Fig. 1A). 
No measurable growth occurred even after 
108 hours incubation in the presence of 40 or 
more y/ml of D-54* HCl. When cultures 
obtained in this manner were exposed to 
0.625-20 y/ml of D-54 * HCI all exhibited in- 
creased resistance, the degree of resistance in 
each instance corresponding roughly to the 
concentration to which each strain had been 
previously exposed. All strains exhibited a 
normal growth curve in the presence of its 
corresponding concentration of D-54* HCl 
CRigie lB): 

The original assay tubes containing concen- 
trations of more than 20 y/ml of D-54* HCl 
in which no growth had occurred after 108 


tTwo samples of this compound were used in 
these studies, one synthesized in these laboratories 
by Dr. E. J. Modest and another supplied through 
the courtesy of Imperial Chemical Industries, Ltd., 
Manchester, England. 


hours were concentrated in the centrifuge and 
cultured on blood agar and PGA assay media 
without D-54* HCl. Viable S. faecalis were 
recovered from assay tubes containing 40-640 
y/ml but not from those containing 1280 and 
2560 y/ml D-54* HCl. Those strains recov- 
ered from the assay tubes containing 40-640 
y/ml were inhibited by 0.625 y/ml of 
D-54* HCl.+ The delayed growth of cells 
resistant to 0.625-20 y/ml D-54* HCl in 
these experiments indicates that stock cultures 
of S. faecalis may contain cells which vary in 
sensitivity to the inhibitor over this entire 
range of concentration. The number of re- 
sistant cells probably decreases with increas- 


{A single colony originally exposed to 40 y/ml 
was found to be resistant to 10 y/ml D-54*HCl, 
suggesting in this instance the chance occurrence of 
cells resistant to this concentration in the original 
inoculum or the appearance of resistance as the 
result of chance cell division which occurred in the 
inhibited culture.;. Repeated attempts to duplicate 
this observation have been unsuccessful; resistant 
cells have not appeared in assays containing more 
than 20-25 y/ml D-54*HCl. 
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TABLE I. Survival of Streptococcus faecalis #8043 in PGA Media* Containing D-54-+ HCl. 
a 


Expected sur- Observed 
D-54+HOl, vivorst (most survivors, Survivors per 
7/ml probable No.) pour plates 1 >< 108. cells Mean frequency} 
625 127 200 027 lin 4.82 x 107 
1.25 57 90 012 1 OTe xgehOe 
2.50 21 30 004 L300 eal08 
5.00 — 10 0013 1.27.50 X08 
10.0 — 5 .00065 die DOU <elO? 
20.0 — 5 00065 I ee Sea ee a 
40.0-2560 — 0 0 


* PGA, .01 y/ml. 


+ The disparity between expected and observed survivors is due to differences in the ability 
of these broth and agar media to initiate growth from a single unit, i.e., a pair or a chain of 


' cells of Streptococcus faecalis. 


t In standard suspensions of 7.5 10° cells/ml, 


ing concentrations, as evidenced by the pro- 
gressively longer lag phase. The isolation of 
these resistant strains could be explained on 
the basis of simple selection or alternately by 
adaptation by a few cells to these concentra- 
tions of D-54 * HCl. 

The frequency of cells resistant to increas- 
ing concentrations of D-54* HCl in standard 
inocula prepared from the stock strain of S. 
faecalis was determined by dilution experi- 
ments(14) and by actual count of the sur- 
vivors at increasing concentrations of inhibitor 
in agar pour plates. The number of survivors 
observed at increasing concentrations of in- 
hibitor in agar checks reasonably well with the 
expected number as estimated from dilution 
data and the frequency of resistant cells de- 
creases with increasing concentrations of 
D-54* HCl] (Table I). Representative sam- 
ples of the surviving colonies were fished from 
these agar plates to PGA assay broth contain- 
ing 0.625 y/ml D-54* HCl, incubated and 
studied in duplicate serial assays against 
D-54* HCl. All but one of the 60 strains so 
studied failed to exhibit resistance to concen- 
trations of inhibitor significantly greater than 
that to which it had been originally exposed. 
‘The single exception, a colony fished from 
agar containing 0.625 y/ml D-54* HCl re- 
quired 48 hours to grow in subculture and 
when assayed was found to be resistant to 
500 y/ml D-54 + HCl. 

Resistant strains isolated from the stock 
culture in this manner exhibited increasing 
resistance when carried in subculture in the 
presence of. increasing concentrations of in- 


hibitor, the resistance of the survivors in- 
creasing pari passu to the concentration to 
which the strains had been exposed. By serial 
passage in this manner, resistance was in- 
creased progressively and a culture completely 
resistant to 1000 y/ml of D-54* HCl was 
obtained after 14 serial passages (Fig. 2). 
Data on the frequency of resistant cells in the 
stock culture (Table I) indicate that it is 
unlikely that cells exhibiting this degree of re- 
sistance were contained in the original inocula. 
This order of resistance therefore must have 
appeared as the consequence of the selective 
growth of cells in the original inocula which 
either by serial mutation or adaptation be- 
came progressively more resistant to the in- 
hibitor. The apparently step-wise appearance 
of increasing levels of resistance (Fig. 2) 
actually reflects the level of resistance at- 
tained at the fortuitous time of sampling and 
the development of resistance probably does 


CONCENTRATION IN GAMMA/™I. 


0.6 


0.3 
1 2 3 4 5 6 a 8 9 io (2 3 14 


NUMBER OF PASSAGES 
FIG. 2. Development of resistance in Streptococcus 
faecalis #8043 by serial passage in PGA assay 
media containing D-54 + HCl. 
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FIG, 3. Colony morphology of dihydrotriazine resistant variants: 
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comparison with stock cul- 


ture of Streptococcus faecalis #8043 (right). 24 hr culture on 5% horse blood agar, X1.5. 


not proceed in steps of these magnitudes. 

These dihydrotriazine-resistant mutants 
have been carried through several generations 
in the laboratory in media with and without 
inhibitor with no significant loss of resistance 
during the past 9 months. Thus far the only 
recognizable difference between the mutant 
and parent strains other than their behavior 
with respect to inhibitors is in colony size, 
the resistant strains grow in uniformly smaller 
colonies which otherwise resemble those of the 
parent strains (Fig. 3). 

Origin of resistance. Luria and Delbriuck 
(15) developed a method of variance analysis 
to test the 2 hypotheses, mutation and adapta- 
tion generally postulated for the development 
of bacterial resistance. The appearance of 
dihydrotriazine resistance was analyzed by 
duplicate studies on 3 series of indepen- 
dent and replicate cultures derived from the 
stock culture. Standard inocula containing 
7.5.x 10° cells were prepared from stock cul- 
tures and 0.1 ml of a 1 x 10° dilution (circa 
750 cells) was inoculated into each of 21 tubes 
of PGA assay broth containing 0.01 y/ml 
PGA. After 24 hours incubation at 37°C, 
0.1 ml samples of each of 20 cultures was 
plated in PGA assay agar containing 1.25 
y/ml D-54* HCl. A series of 15 replicate 
plates were prepared from the remaining cul- 
ture in the same manner. After incubation at 
37°C for 24 hours, the surviving colonies were 
enumerated in the usual manner. The results 


of these experiments are summarized in 
Table II. 

Statistical analyses indicate that variation in 
the frequency of resistant cells appearing in 
independent cultures initiated from minimal 
inocula are greater than the chance variations 
observed in replicate plates of the same parent 
culture. These results are compatible with 
the hypothesis that resistance to D-54 * HCl 
appears as the result of spontaneous muta- 
tions(15). 

Specificity of resistance. Resistant strains 
derived from these experiments with D-54° 
HCl exhibited cross-resistance against a num- 
ber of related aldehyde and ketone derivatives 
of the dihydrotriazine series, suggesting that 
resistance is related to the basic molecular con- 
figuration rather than to any of the particular 
substitutions mentioned (Table III). How- 
ever, the D-54* HCl resistant mutants so far 
studied have exhibited no cross-resistance 
with certain chloro- and dichloro-substituted 
2,4-diamino-pyrimidines$ which also exhibit 
potent anti-PGA activity(16) and the PGA 
analogs 4-aminopteroylglutamic acid and 4- 
amino-N1°-methylpteroylglutamic acid (a- 
methopterin) .|! 


§ These compounds were made available through 
the courtesy of Dr. G. H. Hitchings, the Wellcome 
Research Laboratories, Tuckahoe, N. Y. 

|| We wish to express our appreciation to the 
Lederle Laboratories, Pearl River, N. Y., for gen- 
erous samples of these compounds. 
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TABLE II. Comparison of Frequency of Colonies 
of Streptococcus faecalis #8043 Resistant to 1.25 
y/ml D-54+HCl in Independent and Replicate 


Cultures. 
.——_ Colony counts ——, 
Individual Replicate 
Culture cultures cultures 
1 16 ih 
2 5 8 
3 0 10 
4 10 9 
5 80 10 
6 6 18 
7 59 9 
8 10 7 
9 16 10 
10 20 iil 
11 17 19 
12 0 5 
13 ila 15 
14 12 7 
15 32 7 
16 37 
if 18 
18 72 
19 0 
20 30 
Mean 22.6 10.1 
Variance 544.15 15.55 
x? 458.49 21.49 
ie Much less 05 
than .001 
Such data represent a Poisson distribution; 


thus variance equals the mean. Chi square is de- 


fined as ( 


( observed — mean ) 2 
mean 


Discussion. Bacterial resistance to a num- 
ber of inhibitors and lethal agents; bacterio- 
phage(15), penicillin(17-19), sulfonamides 
(20), irradiation(21), and streptomycin(19) 
appears to originate from spontaneous muta- 
tions occurring in heterogeneous cell popula- 
tions independently of the specific agents. 
Evidence for this view has been based largely 
upon results obtained with variance analyses 
as developed by Luria and Delbriick(15). 
Additional supportive evidence is afforded by 
the isolation of indirectly selected members 
of the populations such as those described by 
Burnet(22) and more recently by Lederberg 
and Lederberg(23) which exhibit specific re- 
sistance without previous exposure to the 
specific lethal agent or inhibitor. In the 
present studies, the results of variance anal- 


observed — expected 


2 
) and equals 
expected 
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yses are compatible with the hypothesis that 
dihydrotriazine resistance also originates from 
spontaneous mutations which occur in the 
stock culture in the absence of inhibitor and 
which grow out selectively in its presence. 

In the present experiments, a) the decreas- 
ing frequency of survivors at increasing con- 
centrations of inhibitor, b) the correlation 
between the resistance of survivors and the 
concentrations of inhibitor to which they had 
been exposed, and c) the slow emergence of 
growth in cultures containing low concentra- 
tions of inhibitor suggest a specific adaptive 
process similar to that suggested by Eagle 
et al.(24) as a possible explanation for the 
development of slightly increased resistance 
to antibiotics on exposure to low concentra- 
tions. According to this interpretation, the 
varying degrees of resistance to minimal con- 
centrations of inhibitor as exhibited by the 
stock culture may represent specific environ- 
mental adaptations occurring in susceptible 
cells. Sevag and Rosanoff(25) similarly con- 
cluded from their experiments with Micro- 
coccus pyogenes var. aureus in complete and 
deficient media that resistance to streptomy- 
cin represents a specific adaptation by a sensi- 
tive cell. Gibson and Gibson(26) and more 
recently Eagle et al.(24) have suggested that 
the hypotheses of mutation and adaptation 
are not necessarily mutually exclusive, i.e., 
within the spectrum of resistance of a ‘“nor- 
mal” culture the appearance of resistance to 
minimal concentrations of inhibitor may be 
adaptive, while the few highly resistant cells 
which appear represent spontaneous muta- 
tions. : 

The cross-resistance exhibited by these 
mutant strains with other derivatives of the 
dihydrotriazine series resembles the cross- 
resistance among the sulfonamides(27) and 
the analogs of PGA. Cross-resistance among 
the latter compounds has been observed in 
acute lymphoid mouse leukemia(2-8) and 
T. gelewi(9) as well as in S. faecalis(11). The 
lack of significant cross-resistance with 4- 
APGA, a-methopterin, and the 2,4-diamino- 
pyrimidines suggest an intimate relationship 
between resistance and the basic molecular 
configuration of the selective agent. How- 
ever, studies with £. coli(21,28) and other 
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TABLE III. Cross-Resistance vs. Related Dihydrotriazines Exhibited by D-54 - HCl-Resistant 
Mutants of Streptococcus faecalis #8043. 


NH2 
xy - HCl 
R2 NH> 
BS Normal strain, Resistant strains, 
Structure 50% inhibition, no inhibition at, 
Compound R, RS Re y/ml >/xal 
D-19 - HCl 4’-carbethoxyphenyl methyl methyl 875 1000 
D-20 + HCl 4’-chlorophenyl 7 x 095 1000 
D-23 - HCl phenyl 2 # .10 1000 
D-53 + HCl 2’,4’-dichlorophenyl a “4 150.0 1000 
D-55 +» HCl 3’,4’-dichloropheny] H phenyl .62 100 
-D-56 - HCl 2’,5’-dichlorophenyl methyl methyl 3300.0 3000 
D-57 - HCl 2’,4’-dichlorophenyl 4H phenyl 130.0 500 
D-60 +» HCl 4’-chloropheny] Y ethyl 2.0 1000 
D-63 - HCl 3’,4’-dichlorophenyl 3 2 A 100 
D-65 +» HCl 4’-bromophenyl methyl methyl 12 1000 
D-67 +» HCl 3’,4’-dichlorophenyl H M4 325, 100 
D-68 » HCl 2’-chlorophenyl methyl 3 141.0 1000 
D-69 - HCl 3’-chlorophenyl az a 325 100 
D-76 - HCl 3’,4’-dichlorophenyl H n-propyl .950 100 
D-82 + HCl 2’-bromophenyl1 methyl methyl 1640.0 3000 
D-54 - HCl 3’,4’-dichlorophenyl # ¥ 10 1000 


All media contained .01 y/ml PGA, 


microorganisms(29) indicate that resistance 
to a number of apparently unrelated agents 
may appear following exposure to a single 
selective agent. Experiments are now in 
progress on the elucidation of the mechanism 
of dihydrotriazine resistance and on the con- 
tinued search for mutants exhibiting cross- 
resistance with other PGA antagonists. 


Summary. A number of strains have been 
isolated from stock cultures of S. faecalis No. 
8043 which are resistant to inhibition by the 
1,2-dihydro-s-triazines in pteroylglutamic acid 
assay systems. The strains studied so far ex- 
hibit cross-resistance with related aldehyde 
and ketone derivatives of the dihydrotriazine 
series but not with 4-aminopteroylglutamic 
acid, 4-amino-N?°-methylpteroylglutamic acid 
or certain 2,4-diaminopyrimidines. 

The results of variance analyses were com- 
patible with the conclusion that dihydrotria- 
zine resistance originates from spontaneous 
mutations independently of the inhibitor. 
However, the possibility that resistance to 
minimal concentrations of inhibitor may be 
an adaptive change could not be excluded. 
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Effect of Food and Water on Thyroid Uptake of Radioiodine (I***) 
in Rats. (20480) 


JouHN P. STORAASLI, SAUL ROSENBERG, AND HyMER L. FRIEDELL. 
From the Department of Radiology,* Western Reserve University, Cleveland, O. 


Based on the avidity of the thyroid gland 
for iodine, diagnostic tests using tracers of 
radioactive iodine have been devised for 
studying patients with thyroid disease. Many 
variations of these tests have been described 
in the last few years, ranging from measure- 
ments of early accumulation rate over the thy- 
roid gland to 24-hour uptake studies(1-4). 
The accumulation rate of iodine in the thyroid 
gland is in part dependent upon the plasma 
level of iodine. Therefore, alterations in 
plasma concentration may produce changes in 
the accumulation rate of iodine in the thyroid. 
Since plasma levels might be affected by 
variation in gastrointestinal or renal activity, 
and since no standard procedures having to do 
with restricted amounts of food or fluid are 
instituted during routine thyroid studies, it 
seems advisable to study the effects of these 
substances on the total thyroid accumulation 
of a tracer dose of radioactive iodine. 

Method. Male albino rats, C. F. Wistar 
strain, were used. The animals weighed from 
120 to 150 g at the onset of the experiment. 
For a period of 4 weeks prior to the study, 
the animals were placed on distilled water and 
an iodine-poor diet. The diet was similar to 
that used by Levine and Remington(5) in 
their studies on goiter production in rats.t 
It was found necessary to use an iodine-poor 


* Most of the work performed under Atomic 
Energy Commission Contract W-31-109-eng-78 with 
Western Reserve University. 


diet for this experiment since stock diet con- 
tains sufficient stable iodine to completely 
saturate the rat thyroid. The animals were 
separated into 8 groups of 3 animals, and were 
given single intraperitoneal injections of 0.1 
uc of radioactive iodine per g of body weight. 
All animals were placed in metabolism cages 
and their excreta collected throughout the en- 
tire period of the experiment. Groups 1-A 
and 1-B received no water or diet food for 36 
hours prior to the administration of the I?*4 
and none during the period of the experiment. 
Groups 2-A and 2-B received diet food and 
water up to the time of injection but received 
none after the injection of I7**. Groups 3-A 
and 3-B received diet food and water up to 
the time of injection, but only distilled water 
after the injection. Groups 4-A and 4-B re- 
ceived diet food and water ad lib. prior to and 
following the injection of I**'. Animals in A 
groups were sacrificed at the end of 6 hours, 
and those in B groups at the end of 24 hours. 
The tissues to be studied were removed and 
dissolved in 30% potassium hydroxide. The 
excreta and carcasses were similarly treated. 
The radioactivity of aliquots of the various 
tissues were compared with standards. Meas- 
urements of gamma ray activity were made 


t+ This diet is the Rachitogenic Diet II (with added 
irradiated yeast) supplied by the Nutritional Bio- 
chemical Co. It contains ground gluten 20%, 
ground whole yellow maize 76%, calcium carbonate 
3%, and sodium chloride 1%. 
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. TABLE I. The Effect of Food and Water on the Distribution of Radioactive Iodine. 

SSS 6 hr 24 hr a 

Group No. 1A 2A 3A 4A 1B 2B 3B 4B 

Thyroid 56.1 51.3 30.2 18.1 40.4 36.1 15.8 7.0 
Exereted 5.6 10.2 22.8 36.0 42.9 45.5 60.0 68.9 
Stomach & contents ileal 0.6 4.1 7.8 0.5 0.5 eS 1.6 
Remaining viscera 8.8 7.8 12.9 21.2 2.6 2.4 3345) 5.7 
Carcass 16.0 leit 15.8 14.6 10.5 12-0 9.6 10.2 
Total recovery 87.6 87.0 85.8 97.7 96.9 96.6 90.2 93.4 


Group No. 1, A & B. No food and water for 36 hr prior to and after inj. 
2, No food and water after inj. 
3, Distilled water only, after inj. 
4, Diet food and water, ad lib. 


with a scintillation counter and the results 
recorded in per cent of administered dose per 
total organ. 

Results and discussion. As was previously 
shown by Levine and Remington(5), the low- 
iodine diet utilized in this experiment pro- 
duced some enlargement of the thyroid gland 
in the test animals. The average thyroid 
weight of these animals was 170 mg/kg body 
weight as compared to control animals on 
. stock diet whose thyroid weights were found 
to be an average of 120 mg/kg body weight. 
Histologically, there was evidence of moderate 
epithelial hyperplasia of the giandular ele- 
ments with slight vacuolation of the colloid 
within the follicles. 

Table I gives the 6- and 24-hour distribu- 
tions of radioactive iodine in the 8 groups of 
animals, the results being averaged for each 
group. Fig. 1 graphically illustrates the 
effect of water alone, and food and water, on 
the thyroid uptake and excretion of radio- 
active iodine at 6 and 24 hours. It is obvious 
from the data that water alone, and food and 
water, have a profound effect upon the accu- 
mulation of I!#! in the thyroid gland. In Fig. 
1 it can be seen that at the end of 6 hours the 
uptake of I'*! in the thyroid gland is 56 and 
51% respectively in those groups (1-A and 
2-A) where no food or water were given fol- 
lowing the administration of the tracer dose. 
On the other hand, 30% of the tracer dose was 
observed to be in the thyroid tissue in those 
animals receiving only fluid (3-A); and 18% 
in animals given both food and water (4-A). 
Similar findings were observed at the end of 
24 hours with a more profound effect due to 
food and water. 

To obviate the conclusion that food and 


water given to the animals in Groups 3 and 
4 contained sufficient stable iodine to influence ° 
and compete with the tracer dose of I}, 
samples of diet food and distilled water were 
analyzed for iodine content by the method 
of Barker et al.(6). The diet food was found 
to contain an average of 14.6 + 1.7 y per kilo 
of food; and distilled water was found to con- 
tain 1.5 y per liter. Estimating that a 250 g 
rat will consume approximately 20 to 30 g 
of food, and from 20 to 30 cc of water in a 
24-hour period, the amount of exogenous 
iodine from the food and water would amount 
to approximately 0.3 y. In order to be certain 
that this amount of stable iodine was not 
influencing the thyroid uptake of the tracer 
amount of radioactive iodine, 6 animals were 
divided into 2 groups, half receiving carrier- 
free I'*1 and the other half receiving 1.5 y of 
stable iodine plus the tracer dose. After 24 
hours the animals were sacrificed and analysis 
of the thyroid tissue and excreta for radio- 


70 [ | No food and water for 36 hrs. before ond offer administration of 1'* 
" 


2.No food and water after administration of 
| 3. Only water ad fib. 
60+ 4 Food ond water ad lid, 


530F 
Ww 
= L 
w 
2720) 
oi 
° j 
1A 2A 3A 4A 1A 2A 3A 4A | 1B 28 38 48 IB 2B 3B 4B 
THYROID UPTAKE EXCRETION || THYROID UPTAKE EXCRETION 
6 HOUR 24 HOUR 
FIG, 1. Shows the influence of food and water 


alone on the thyroid retention and excretion of 1". 


750 


activity showed no significant difference. 

The ability of water alone to produce a 
marked reduction in thyroid accumulation of 
I'*1 js intriguing. Although the exact mech- 
anism is obscure, it must be assumed that 
renal excretion plays a great part. It is well 
known that following the administration of a 
tracer dose of radioactive iodine, the kidneys 
rapidly eliminate all iodine that is not re- 
tained in the thyroid. The results of this ex- 
periment indicate that one can markedly in- 
crease the total excretion of a tracer dose of 
radioactive iodine by simply allowing the ani- 
mals to ingest fluid. 

The mechanism by which food and water 
affect the distribution of I?! is again not well 
understood. Whereas fluid alone will produce 
a reduction in the final thyroid uptake 
(Groups 3-A and B), the addition of food 
further reduces the thyroid accumulation, and 
conversely increases the excretion of the tracer 
dose. It has been shown that this secretory 
activity of the stomach will alter or reduce 
the early accumulation rate of I! in the 
thyroid gland(7). However, because of the 
rapid reabsorption of iodide ion by the gas- 
trointestinal tract, it has been previously as- 
sumed that the ultimate retention of the tracer 
dose in the thyroid gland will not be affected. 
The fact that the per cent excreted in Group 
4 is much greater than in Groups 1, 2, and 3 
shows that gastric activity alone in some way 
reduces the final uptake of I'*! in the rat 
thyroid gland. 

It should be mentioned that the results ob- 
tained in this experiment may pertain only to 
the iodine-deficient rat and need not apply to 
a normal rat or one on a maintenance dose of 
iodine. However, from a preliminary study 
in rats fed a weight maintenance diet of stock 
food (Frisky pellets), it was found that food 
and water influenced the retention of I?*! in 
the thyroid gland. In the control group 
(those receiving no food or water after the 
tracer dose was given), a.12% retention of 
I’! in the thyroid was obtained. In a second 
group (those given food and fluid after in- 
jection of the tracer dose), the retention of 
I'*1 was found to be only 6%. 

Because of the results obtained in rats, it 
appears reasonable to assume that certain 
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control measures should be instituted when | 


thyroid activity is to be evaluated clinically. 
In studying early accumulation rates of 


p{31 


over the thyroid gland in patients, we have | 


found it necessary to withhold food and fluid 
for several hours prior to the test and during 
the early measurement period. We have 


found that food in the stomach will definitely 


retard the early accumulation rate of I’* over 
the thyroid gland. These findings are consider- 
ably more evident in patients with over-active 


| 
| 


goiters, in whom the bulk of the tracer dose is 


rapidly accumulated in the thyroid gland. It 
has been much less evident, however, in euthy- 
roid patients where not only the accumulation 
rate but also the total retention of I'*" are 
considerably lower. Whether the final thy- 
roid retention of the tracer dose is similarly 
affected as well, is still to be determined. 
Summary. 1. Data have been presented 
which show that intake of food and water, 
and water alone, influence the uptake of radio- 
active iodine in the thyroid gland of rats on 
an iodine deficient diet of Remington and 
Levine. At 6 and 24 hours, the thyroid up- 
take is reduced significantly if water is given. 
An even more profound reduction in uptake 
and correspondingly increased excretion has 
been observed if both food and water are al- 
lowed. 2. It has been suggested that gastric 
activity and fluid intake should be controlled 
when radioactive iodine uptake is to be used 
for evaluating and treating thyroid disease. 


We are indebted to Mr. Frank MacIntyre of 
Veterans Administration Hospital of Cleveland for 
making the determinations of the stable iodine con- 
tent of diet food and distilled water used in this 
experiment. 
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Utilization of Iodine by the Thyroid of the Platyfish, Xiphophorus 
(Platypoecilus) maculatus. (20481) 


Oxca BERG AND AUBREY GORBMAN. 


From the Departments of Zoology, Barnard College and Columbia University, New York City. 


The first experimental demonstration of the 
relation of iodine to thyroid function was 
made with teleost fish(1,2) in 1910, but since 
then teleost thyroidal physiology has received 
relatively little attention. A revival of in- 
terest in the comparative physiology of thy- 
roid tissue has been made possible by avail- 
ability of radioiodine and has resulted in 
recent work showing that marine teleost and 
elasmobranch thyroids can accumulate iso- 
topic iodine and synthesize radiothyroxine 
(3-11). In regard to the function of the 
thyroid gland of adult freshwater teleosts, 
two important questions remain unanswered. 
1) To what degree can the thyroid tissue 
accumulate iodide? 2) In what way is such 
iodide metabolized in the synthesis of thy- 
roxine? In the experiments reported. here, 
the freshwater killifish Xiphophorus (Platy- 
poecilus) maculatus was used and quantitative 
data were sought to demonstrate the thyroidal 
accumulation rate and turnover of iodine 
given as iodide. By chromatographic analy- 
sis of thyroidal hydrolysates representing 
different time intervals after ['°! administra- 
tion, the varying proportions of iodide and 
iodinated amino acids during thyroxine syn- 
thesis was studied. 


Materials and methods. Adult sibling 
platyfish, Xiphophorus maculatus, all of the 
same sex and 25 to 35 mm in standard 
length, were carefully chosen from inbred 
laboratory stocks* to give maximum ani- 
mal unifomity. They were kept at all 
times in water taken from the general labora- 
tory supply in which this stock is maintained. 
Twenty pc of I? was given to each fish in- 
traperitoneally. Groups’of 4 fish were sac- 
rificed at definite post-injection intervals and 
thyroid tissue (the entire lower jaws) was 
pooled for analysis for each group. The 


* All fish were generously supplied by Dr. Myron 
Gordon, Genetics Laboratory, New York Aquari- 
um, New York Zoological Society. 


variation of the procedure in each of 5 sepa- 
rate experiments is summarized in Table I. 

Thyroidal iodine uptake and loss, over a 
period of time, was followed by measuring 
radioactivity of aliquots of alkali-hydrolysed 
tissue samples. Radioactivity of the water 
in which animals were kept also was deter- 
mined, and all results expressed in terms of’ 
per cent of the original dose given. 

Extraction of the thyroidal hydrolysates 
and their analysis by filter paper chromatog- 
raphy was done by standard technics, and 
closely followed the procedure of Roche e¢ al. 
(12) and Lissitzky(14). Two different de- 
veloping solvents were used, n-butanol-acetic 
acid, and n-butanol-ammonia. As known 
reference substances, the following were em- 
ployed: monoiodotyrosine, diiodotyrosine, di- 
iodothyronine, d-l thyroxine, and potassium 
iodide. These also were used, in some in- 
stances, as “carriers”. For the observation of 
the distribution of the radioactivity along the 
length of the filter paper chromatograms, a 
Geiger tube and shielding arrangement, re- 
sembling that of Lissitzky(14), was used. 

Radioautography of paraffin sections of 
thyroid tissue of I'*! injected X. maculatus 
was done by exposing such sections to squares 
of x-ray film. 

Results. In the 4 experiments with fishes 
in normal stock water, relatively rapid, though 
somewhat variable, thyroidal uptake of radio- 
iodine was found (Table II). The maximum 
uptake, 29%, occurred 24 to 48 hours after 
injection. The observed variation seemed to 
bear no relation to whether the water was 
changed frequently or whether the fishes were 
allowed to remain in contact with their ex- 
creted radioiodine. Even after 144 hours, and 
despite frequent water changes, the thyroids 
retained about 75% of their peak quantities 
of I'*1, indicating that turnover of metabo- 
lized I'* was quite slow. 

Since thyroidal uptake was so relatively 
high, and release of accumulated iodine so 


eae, UTILizATION OF IODINE BY THYROID OF PLATYFISH 
TABLE I. Summary of Experimental Procedure. 
Time of sacrifice after ex- 
No., sex posure to radioiodine inhr . Type of 
Strain of animals Culture conditions Treatment 2 6 12 24 48 96 144 hydrolysis 
405 2499 Groups of 4 fish in Watermotichbanced saeme a eic ii: ane 2N NaOH 
400 ce water. Sac- 18 ie 
rificed together 100°C 
308 24 99 As in exp. 1 As in exp. 1 Aime Sa SORE Syncs ema: i mg trypsin 
is 
pH 8.5 37°C 
394 24 99 eR? eee ae Water changed Bip ae ae ak eg 18 s 1N NaOH 
once every 6 hr 16 hr 
for 24 and once 100°C 
every 12 hr 
thereafter 
407 16992 Groups of 8 fish in Water changed 3 eo Vict * 8% Ba(OH). 
500 ce water. Sae- times before the 13 hr 
rificed 4 at a time 12 hr and 24 hr 100°C 
sacrifice and 5 
times before the 
48 hr and 144 
hr sacrifice 
375 LON asS As in exp. 1 Treatment with 24 ee oe None 


mg of K1I/400 ec 
water initiated 1 
wk prior to inj., 
continued until 
sacrifice, Water 
containing KI 
changed twice 
prior to inj., there- 
after as in 394, 


TABLE II. Uptake of Radioactive Iodine by Fish Thyroid Tissue, Expressed as % of Total 
Dose Injected. 


60 p.p.m. KI 
solution 
Water not changed Water changed* changed* 
Strain 405 308 394 407 375 
Time, hr 
2) 5.8 ilgsal 6.5 
6 10.8 17.4 10.1 
12 iat) 19.6 19.6 15.0 2.9 
24 14.1 24.4 16.4 29.5 Oak 
48 14.7 29.9 16.8 19.5 
96 18.0 Live 1.6 
144 16.5 16.4 


* For details of intervals between changes of water, see Table I. 


slow, it seemed possible that the fish were 
“jodine-starved”. To test this an additional 
series of observations was made on animals 


from the thyroid was slow as in the previous 
experiment. 


As a correlate of the data on thyroidal 


kept in water which was 60 parts per million 
KI(4). They were placed in this solution one 
week prior to I?" injection and kept in it con- 
tinuously until sacrificed. With this treat- 
ment the maximum thyroidal I**1 uptake was 
only 3% of the injected dose. However, loss 
of this relatively small amount of radioiodine 


iodine accumulation and loss, Fig. 1 shows the 


‘loss of I’! into the water by members of 


X. maculatus strains 407 and 375. Presum- 
ably, the differences between these sets of 
data and the data on thyroidal [31 indicate 
the amounts of radioiodine in the extra- 
thyroidal tissues of the animals. It may be 
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PERCENT OF TOTAL .RADIOACTIVITY 


—————— 
20 40 60 80 100 420 140 


TIME, HRS. 


FIG. 1. The loss of radioactive iodine into water 
from fish injected with tracer dose of I. White 
cireles: fish kept in small amount of water changed 
frequently (Table I). Black circles: fish treated 
with potassium iodide for one week before being 
given I. Water also changed frequently. 


noted that the greatest rate of loss of [11 
into the aquarium water from the injected 
fishes was during the first 12 hours. Whereas 
fish in iodide-enriched water had lost almost 
all of the injected I?*! by 2 days, fish in 
‘normal (iodide-poor?) water still retained 
about 40% of the injected I'*! in their thy- 
roids and body tissues as long as 6 days after 
injection. 

Radiochromatography. Different authors 
have recommended different hydrolytic tech- 
nics for dissociation of the protein bound 
iodinated amino acids in thyroid(12-14). 
Because it is yet uncertain which method is 
most advantageous, 3 were used. As expected 
from the literature(13,14) NaOH-hydrolysis 
gave the highest iodide and lowest thyroxine 
values, presumably because it deiodinates 
thyroxine fairly readily. Trypsin gave rela- 
tively the lowest iodide and higher thyroxine 
figures, but it is not certain that in our hands 
it achieved complete hydrolysis. Barium hy- 
droxide (8%) gave intermediate results. De- 
spite these technical variables a unified picture 
can be constructed from the available data 
(Fig. 2) showing that thyroxine synthesis 
follows the same pattern in Xiphophorus as 
in mammals. Although the increase in radio- 
iodide was not striking, radiothyroxine tended 
to increase, but on a small scale. Monoiodo- 
tyrosine and diiodotyrosine shifted in relative 
importance with time, MIT predominating 
earlier; DIT later. It is interesting that the 
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largest proportion of radiothyroxine seen in 
any of the experiments was 15%. 

Histology and radioautography. All the 
fish examined histologically had normal thy- 
roid tissue. The follicles varied greatly in 
size. The epithelial cells were usually low 
cuboidal but in the largest follicles they were 
squamous. In most cases the colloid was 
dense, eosinophilic, and granular, but in some 
of the larger follicles it appeared to be non- 
granular. Especially strong radioautographs 
were made by the colloid. Unfortunately, 
with the autographic technic used it was dif- 
ficult to determine whether the epithelium 
contained appreciable quantities of radio- 
iodine. 

Discussion. The four lower curves in Fig. 
3 represent marine fishes; the 4 upper curves, 
freshwater species; the intermediate curve 5, 
the seaward migratory “smolt” form of the 
salmon. If such data, drawn from the work 
of several groups of investigators, can be 
taken to differentiate a freshwater from ma- 
rine type of thyroid, it is possible that this 
variation is due to the differences in environ- 
mental iodine of such fishes. Both LaRoche 
(4) with immature salmon, and we, with adult 
platyfish, have demonstrated a decreased I1*1 
uptake in freshwater fishes kept in iodine- 
enriched water. Such experimental curves, if 
plotted on Fig. 3, would fall within the family 
of curves representing the marine fish group. 
It may be noted that the Roussette shark(8), 
though it briefly accumulates a relatively high 
percentage of administered [*1, loses it 
promptly. A similar rapid loss of I'*1 was 
seen in our experiment with fish in iodine- 
enriched water (Fig. 1). 

The data summarized in Fig. 2 show that 
synthesis of thyroxine in Xiphophorus follows 
the same pattern as it does in mammals(14), 
or in the shark(8). Monoiodotyrosine and 
diiodotyrosine are the precursors for thyrox- 
ine, with monoiodotyrosine being in excess in 
earlier phases and diiodotyrosine in excess in 
later intervals. It seems remarkable that de- 
spite the relatively high degree of thyroidal 
I! accumulation, only a small proportion of 
it (maximum, 15%) was in the form of thy- 
roxine as late as 6 days after injection. This 
could mean either that thyroxine synthesis is 
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FIG. 2. Radiochromatograms of barium hydroxide hydrolysates of thyroid tissue of platyfish 


sacrificed at intervals after injection of a tracer dose of radioactive iodine, 
tribution of radioactivity along length of chromatograms. 


Figures show dis- 
Probable chemical form of I*! is 


indicated at top of each figure. Arrows indicate position of known iodinated compounds chro- 
matogrammed as carriers or in parallel with thyroid hydrolysates. I, iodide; MIT, monoiodo- 
tyrosine; DIT, diiodotyrosine; Tx, thyroxine. 


304 
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HOURS 
FIG, 3. Accumulation of radioiodine by thyroid glands of various fishes. Curves 3 and 4 are 
for marine teleosts whose thyroidal uptake of I is low or the turnover is rapid. Curves 1 and 
2 for marine lamprey and shark, respectively, are similar. Curve 5 represents data from salmon 
smolt, caught in fresh water just before downstream migration. Note that I** uptake re- 
sembles that of a marine fish. Curves 6 and 9 are for fresh water teleosts; I uptake is high 
and its loss from the thyroid is slow. 1. Marine lamprey, Petromyzon marinus, redrawn from 
Leloup(6). 2. Roussette shark, Scyliorhinus canicula, drawn from data of Gorbman et al.(8). 
3. Marine mullet, Mugil awratus, drawn from data of Leloup(7). 4. Marine conger eel, Conger 
conger, drawn from data of Leloup(7). 5. Salmon smolt, Salmo salar, drawn from data of Fon- 


_taine et al.(5). 6. Salmon parr, Salmo salar, drawn from data of Fontaine et al.(5). 7. Salmon 


parr, redrawn from LaRoche(4). 8. Platyfish, Xiphophorus maculatus, water changed fre- 
quently during experiment. 9. Platyfish, Xiphophorus maculatus, kept in same water for dura- 
tion of experiment. 


nics and the relative rates of synthesis 


very slow, or that thyroxine is selectively 
released from the thyroid as it is formed. 
Our data do not favor either alternative 
explanation. 

Summary. 1. One hundred platyfish, X7ph- 
ophorus (Platypoecilus) maculatus, 12 pre- 
treated with potassium iodide, were injected 
with a tracer dose of carrier-free I’! and 
sacrificed at intervals up to 144 hours after 
injection. Groups of 4 fish were processed 
together. The lower jaws, containing the thy- 
roidal tissue, were removed, hydrolysed, and 
measured for I! uptake. Such hydrolysates 
then were analyzed by chromatographic tech- 


monoiodotyrosine, diiodotyrosine, and thy- 
roxine were determined. 2. The thyroid 
tissue accumulated about one-third of the in- 
jected isotope. Uptake was rapid but loss was 
slow so that 144 hours after injection 15% of 
the I'#! was still held in the thyroid. Thyroid 
tissue of fish kept in 60 p.p.m. KI solution 
accumulated only 3% of the injected dose of 
I/*1_ 3. The loss of radioiodine into the water 
was much more rapid in fish treated with KI 
than in the others. 4. As in mammals, the 
thyroid first synthesized monoiodotyrosine, 
then diiodotyrosine, and finally, thyroxine. 
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The synthesis of thyroxine was relatively 
slow. A maximum value of 15% of the 
radioiodine in the thyroid was converted to 
thyroxine under the experimental conditions 
employed. 
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Effect of Dihydrocholesterol (Cholestanol) Administration on Plasma 


Cholesterol and Atherosclerosis in the Rabbit.* 


(20482) 


C. W. Nicuots, Jr., M. D. SIperstEIN, AND I. L. CHAIKOFF. 
From the Department of Physiology of the University of California School of Medicine, Berkeley. 


We reported recently that the administra- 
tion of dihydrocholesterol (DHC) to chickens 
fed a cholesterol-containing diet prevented 
the development of both hypercholesterolemia 
and the associated atherosclerosis(1). Since 
the feeding of this saturated steroid might 
offer a means of inhibiting the atherogenic 
effects of dietary cholesterol, it seemed desir- 
able to extend our observations to mammals. 
The present report deals with the action of 
DHC in the rabbit. 

Experimental. Rabbits weighing from 1850 
to 2270 g were fed an adequate commercial 
pellet diett for 6 weeks before being placed 
on the experimental diets recorded in Table I. 
During these 6 weeks, 2 blood samples were 
obtained from each animal by cardiac punc- 
ture, and the total cholesterol content of 
plasma was determined by the method of 


* Aided by grants from the Life Insurance Medical 
Research Fund and the U. S. Public Health Service. 


t This diet contained 60% alfalfa meal, 10% 
ground barley, 10% cottonseed meal, 10% rice 
polishings, 4% watergrass seed, 4% rice seed, 


1% oyster shell flour, 0.5% cane molasses, and 


0.5% salt. 


TABLE I. Composition of Diets. All diets con- 
sisted of commercial rabbit pellets to which was 
added one or more of the following constituents: 


exe 
Constituent i dat: III IV 
% Sy 
Wesson oil ‘55 5 5 5 
Cholesterol 0 1 1 pie) 
DHC* 0 0 2 2 


“The dihydrocholesterol used in this study was 
generously supplied by the Schering Corp. 


Sackett(2). At the end of this period, the 
rabbits were divided into 4 groups, and fed as 
shown in Table I. These experimental diets 
were fed ad lib. for a period of 2 weeks at the 
end of which time—because the supply of 
DHC was exhausted—all rabbits were placed 
on the normal pellet diet for the next 5 weeks. 
At week 13 the level of plasma cholesterol 
was again determined, and the feeding of the 
experimental diets resumed (Table 1). The 
experiment was continued for 9 more weeks, 
and during this time 4 additional plasma 
cholesterol values were obtained. Each group 


consumed approximately the same amount of 
diet. 
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EXPER 


STOCK DIET \DIET\ STOCK DIET \ EXPERIMENTAL DIET 


AVERAGE TOTAL PLASMA CHOLESTEROL (MG.%) 


va 18 22 


6 10 14 
TIME IN WEEKS 


FIG. 1. Influence of DHC feeding upon plasma 
cholesterol levels of the normal and the cholesterol- 
fed rabbit. C—Group I. Average plasma choles- 
terol levels observed in 8 rabbits fed a basal diet 
(commercial rabbit pellets plus 5% Wesson oil). 
e@—Group II. Average plasma cholesterol levels 
found in 8 rabbits fed a basal diet plus 1% cho- 
lesterol. A—Group III. Average plasma choles- 
terol levels in 7 rabbits fed a basal diet plus 1% 
cholesterol plus 2% DHC. a&—Group IV. Average 
plasma cholesterol levels of 8 rabbits fed a basal 
diet plus 2% DHC., 


The values for total plasma cholesterol are 
shown in Fig. 1. Although the administration 
of DHC to rabbits fed cholesterol (Group 
III) did not completely prevent a rise in 
plasma cholesterol, it is nonetheless clear that 
these tabbits exhibited a much less pronounced 
rise in total plasma cholesterol than did those 
fed cholesterol alone (Group II). It should 
be noted that the addition of DHC to a 
normal diet did not depress the level of plasma 
cholesterol below those found in normal ani- 
mals. Thus the average values for plasma 
cholesterol were 28 mg % in the DHC-fed 


Tod 


animals and 31 mg % in control animals. 
DHC apparently acts upon the hypercholes- 
terolemia of exogenous origin for it seems to 
have no effect upon the cholesterol level of the 
normal rabbit. 

The rabbits were sacrificed at the end of 
the experiment, and their aortas and livers 
were removed. Each atherosclerotic plaque 
was carefully measured, and the total area 
estimated. These findings are summarized in 
Table II. Most of the rabbits fed the 1% 
cholesterol diet developed atherosclerosis. The 
average area of the atherosclerotic plaques 
found in this group (II) was 271 mm”. The 
addition of DHC to the 1% cholesterol diet 
reduced this figure to 5.1 mm”. Two of the 
8 rabbits (Group IV) that were fed DHC 
with a normal diet developed atherosclerotic 
plaques. No atherosclerosis was observed in 
the untreated rabbits. f 

Total lipids for each liver sample were de- 
termined as follows: Liver samples were first 
hydrolyzed by treatment with a saturated 
sodium hydroxide-ethanol mixture on a steam 
bath for 8 hours. The mixture was then acidi- 
fied and extracted 3 times, each time with a 
10-fold excess of petroleum ether. The pooled 
petroleum ether extracts were transferred to 
tared flasks and evaporated to dryness on a 
steam bath. The weight of the residue was 


- then determined. The values for total liver 


lipids of the untreated rabbits (Group I) 
averaged 3.0% (2.6-3.3) while those for the 
DHC-treated rabbits (Group IV) averaged 
3.3% (2.1-4.6). The average values for liver 
lipids were 6.7% (3.2-9.3) for the rabbits fed 
cholesterol (Group II) and 4.6% (1.1-7.9) 
for those fed cholesterol plus DHC (Group 
LE: 

Comment. It is clear that the enteral ad- 
ministration of DHC is effective in inhibiting 
experimentally-induced atherosclerosis in the 
rabbit as well as in the bird. Under the con- 
ditions of our study, the DHC did not prevent 
completely the hypercholesterolemia of cho- 
lesterol feeding nor did it prevent a small 
increase of lipids in the livers of rabbits fed 
both sterols. It should also be noted that the 
formation of atherosclerotic plaques in rabbits 
fed DHC alone (Table IT) is not ruled out. 
This phase is under further study. 
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TABLE II. Effect of Dihydrocholesterol upon De- 
gree of Atherosclerosis in the Rabbit. 


Gross ath- 
No. of erosclerosis 
rabbits Diet (mm?) 
8 No cholesterol 0 
(Group I) 
8 1% cholesterol 140 
(Group IT) 18 
0 
16 Avg 
487 271 mm? 
318 
1176 
10 
if 1% cholesterol + 2% 25 
dihydrocholesterol 0 
(Group IIT) OF Ave 
0 4.9 mm? 
9 
0 
0 
8 2% dihydrocholesterol 8 
(Group IV ) 0 
0 
0 Avg 
150 19.8 mm? 
0 
0 
0 


In the bird, an increase in the lipid content 
of the liver was observed after prolonged feed- 
ing of a diet containing 2% DHC.? In the 
rabbit, however, the feeding of a 2% DHC 


diet for as long as 2 months failed to affect — 


the lipid content of the liver. The tissues of 
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rats fed a diet containing 10% DHC for 8. 
weeks were examined histologically by Dr. | 
Stuart Lindsay of the Pathology Department; 
no abnormalities were observed. 

Summary. 1. Effects of dihydrocholesterol | 
on cholesterol content of plasma and on de- 
velopment of atherosclerosis were investigated 
in the rabbit. 2. Rabbits fed a diet contain-— 
ing 1% cholesterol exhibited typical hyper- 
cholesterolemia (average, 1041 mg/100 cc of | 


plasma) and atherosclerosis (average esti- | 


mated plaque area was 271 mm?). Rabbits. 


fed 1% cholesterol plus 2% dihydrocholes- — 


terol, the average plasma cholesterol value was 
120 mg % and the average atherosclerotic 
plaque area was 4.9 mm?. 3. Addition of di- 


hydrocholesterol to a normal diet had no effect — 


on the levels of plasma cholesterol, but did 
result in an increase in the average athero- 
sclerotic plaque area. 

The technical assistance of J. Sherokoff is gratefully 
acknowledged. 


{The lipid content of the livers of birds fed 


a diet containing 2% DHC for 12 weeks ranged 


from 6.5 to 9.7 (average, 7.8%). 
control birds was 2.9 to 5.7 (average 4.0). 
published observations.) 


The range for 
(Un- 


1. Siperstein, M. D., Nichols, -‘C: W., Jr5 anda} 


Chaikoff, I. L., Circulation, 1953, v7, 37. 
2. Sackett, G. E., J. Biol. Chem., 1925, v64, 203. 


Received May 26, 1953.  PS.E.B.M., 1953, v83. 


Anterior Pituitary Growth Hormone (STH) and Pancreatic Secretion 


of Glucagon (HGF).* (20483) 


Piero P. Foa, Epwarp B. Macip, Morton D-GLAssMAN, AND Harriet R. WEINSTEIN. 
From the Department of Physiology and Pharmacology, The Chicago Medical School.t 


Houssay and Biasotti(1) were the first to 
demonstrate that the removal of the pituitary 
gland ameliorates pancreatic diabetes. This 
discovery’ was followed by the observation 
that injections of crude anterior pituitary ex- 
tracts(2), or purified growth hormone (soma- 
totrophic hormone or STH(3)) cause tem- 
porary hyperglycemia and glycosuria, followed 


* Supported by a grant from Eli Lilly and Co. 
+ 710 South Wolcott Avenue, ‘Chicago. 


by permanent ‘“‘metahypophyseal’’ diabetes. 


It is believed(4,5) that anterior pituitary — 


hormone(s) first increase the demand for in- 
sulin and overstimulate the Islets of Langer- 
hans and, if the injections are continued, cause 
a progressive degranulation, exhaustion, and 
degeneration of the beta cells, and a decreased 
secretion of insulin. In contrast to the beta 
cells, the alpha cells of animals with meta- 


hypophyseal diabetes appear to be normal 


(4-6). On the basis of evidence recently 


STH AND SECRETION OF GLUCAGON 


reviewed(7,8), the alpha cells are believed to 
be the site of formation of the hyperglycemic- 
glycogenolytic factor of the pancreas (HGF 
or glucagon), probably a second pancreatic 
hormone secreted in response to hypoglycemia 
(9-12). For these reasons, two possible ex- 
planations for metahypophyseal diabetes are 
suggested: 1) decreased insulin production 
leaving the anti-insulin hormones (e.g., glu- 
cagon) unopposed, and 2) stimulation of the 
alpha cells by anterior pituitary hormones 
with increased glucagon secretion. The ex- 
periments described in this paper were de- 
signed to study the second hypothesis. 


Materials and methods. The problem was 
studied by means of 20 cross-circulation ex- 
periments. Mongrel dogs of both sexes were 
used. All animals were healthy, well fed, and 
received the last ad libitum meal about 16 
hours preceding the experiment. The dogs 
were anesthetized with sodium pentobarbital 
(35 mg/kg), heparinized, and prepared as 
described previously(12). Due to the hepa- 
rinization, the importance of painstaking sur- 
gical hemostasis cannot be overemphasized. 


In 14 experiments, the pancreato-duodenal 
vein of a donor dog D was connected with a 
femoral vein of a recipient dog R by means of 
glass cannulae and _ polyethylene tubing. 
These 14 experiments were of 3 types: in 5 
experiments, the donor dogs received an intra- 
venous injection of STH at the time of the 
experiment; in 6 experiments, the donor dogs 
received a similar injection at the time of the 
experiment, but in addition, were pretreated 
with 6 daily intramuscular injections of STH; 
in 3 experiments, the donor dogs received a 
control intravenous injection of 10 cc of a 
dilute NaOH solution at the same pH (10) 
of the STH solution. In 6 additional control 
experiments, a mesenteric vein of dog D was 
anastomosed to a femoral vein of dog R, and 
dog D received an intravenous injection of 
STH at the time of the experiment. 


Highly purified ACTH-free beef anterior 
pituitary STH (Armour batch No. R-285- 
183) was dissolved in 10 cc of dilute NaOH 
(pH 10). All intravenous and intramuscular 
doses were of 3,5 mg/kg. This dose caused a 
rapid and transient hyperglycemia in a few 
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preliminary experiments in dogs and was of 
the same order of magnitude as that dose 
having a similar effect in normal men(13) 
and in mice with hereditary obesity(14). 
Blood glucose was determined according to 
Nelson’s photometric adaptation of Somogyi’s 
method(15). 


Results. The results are presented as 
curves showing average changes in blood 
sugar concentration. Fig. 1 represents the 
results obtained in 11  pancreatic-femoral 
cross-circulation experiments in which the 
donor dog D received an injection of STH at 
time 0. Of these 11 donor dogs, 5 had re- 
ceived no treatment previous to the experi- 
ment and 6 had received 6 daily injections of 
STH as mentioned above. Pre-treatment with 
STH did not modify the results significantly; 
the data, therefore, were averaged. During 
the control period preceding the injection, 
there were no significant changes in the blood 
sugar of either the donor dog D or the re- 
cipient dog R. Following the injection of 
STH into dog D, the blood sugar of both dogs 
began to rise, reaching significant hypergly- 
cemic levels in 30 to 90 minutes and returning 
to the initial values in about 120 minutes. 
The average maximum rise was approximately 
30 mg/100 cc of blood in both donor and re- 
cipient, corresponding to a 32% and 36% 
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increase over the average blood sugar concen- 
tration at O time, respectively. This hyper- 
glycemia was followed by hypoglycemia in 8 
of the 11 donors and in 6 of the 11 recipients. 


Fig. 2 represents 6 cross-circulation experi- 
ments in which a mesenteric vein of dog D 
and a femoral vein of dog R were connected. 
During the control period the blood sugar of 
both dog D and dog R remained essentially 
constant. Following the injections of STH 
into dog D, its blood sugar increased, reaching 
hyperglycemic levels in 60 to 90 minutes. 
The average maximum rise was again about 
35 mg/100 cc of blood, or a 28% increase 
over the average blood sugar concentration 
at 0 time. The blood sugar returned to its 
original level in 120 to 150 minutes. This 
was followed by a hypoglycemia in 3 of the 
6 donor dogs averaging 22% below the control 
level. This hypoglycemia occurred 120 to 180 
minutes after the injection of STH and does 
not appear in the average curve because it 
occurred in only 3 out of 6 dogs, and not 
always at the same time. The blood sugar of 
the recipient dogs did not change significantly. 


In 3 pancreatic-femoral cross-circulation 
experiments in which dog D received an in- 
jection of 10 cc of solution of NaOH at pH 
10, instead of the solution of growth hormone, 
no significant changes in the blood sugar of 
either dog D or dog R were noted. 


Discussion. The hyperglycemia observed 
in the recipient dogs following the injection 
of STH into the donors could be due to one 
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or more of the following causes: 1) non- | 
specific causes, such as anesthesia or the gen- | 
eral experimental procedure. This possibility — 
is ruled out by the fact that the blood sugar 
remained reasonably constant during the pre- 
injection control period and by the fact that 
when the donor dogs received alkaline water 
instead of STH, there was no rise in blood 
sugar in either dog D or dog R; 2) transfer of 
hyperglycemic blood from dog D to dog R | 
through the anastomosis. This possibility is 
ruled out by the fact that the mesenteric blood © 
of dog D, although containing the same > 
amount of glucose as its pancreatic blood, did 
not cause hyperglycemia in dog R; 3) trans- 
fer of a significant fraction of the injected 
STH from dog D to dog R. This possibility 
similarly is ruled out by the fact that the 
mesenteric blood of dog D causes no hyper- 
glycemia in dog R; 4) stimulation of the pan- 
creas of dog D by the injected STH with 
secretion of a hyperglycemic factor (glucagon) 
and transfer of the material to dog R through 
the pancreatic-femoral anastomosis. This 
hypothesis, supported by the experimental - 
evidence presented in this paper, is strength- 
ened by the fact that the intensity and dura- 
tion of the hyperglycemic response of dog R . 
is similar to the intensity and duration of the 
response obtained in normal, non-anesthetized 
animals receiving intravenous injections of 
glucagon(10,11). 

An increased secretion of glucagon can also 
explain the hyperglycemia observed in dog D. 
Although this dog loses part of its pancreatic 
blood, enough glucagon-containing blood, such 
as the blood coming from the head of the 
pancreas or from the gastric mucosa, does not 
leave the animal. Thus part of the glucagon 
produced by dog D remains in dog D, and part 
passes to dog R, causing hyperglycemia in 
both animals. The experimental data do not 
allow even an approximate estimate of the | 
relative quantities of glucagon available to 
the 2 animals, since the intensity of the hyper- 
glycemic response depends not only upon the 
amount of glucagon injected, but also upon 
the amount of liver glycogen present(16). 
Glucagon hyperglycemia has been shown to 
stimulate insulin secretion(12), and this is 


. probably the cause of the hypoglycemia noted 
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at the end of the experiments described here 
Chig. 1); 

We believe these results confirm and ex- 
tend the findings of Bornstein, Reid, and 
Young(17), and give further support to the 
hypothesis that glucagon is a pancreatic anti- 
insulin hormone secreted not only in response 
to hypoglycemia, but also to the administra- 
tion of anterior pituitary STH. 

Summary and conclusions. Fourteen cross- 
circulation experiments were performed by 
anastomosing the pancreato-duodenal or a 
mesenteric vein of a donor dog D with a 
femoral vein of a recipient dog R. The intra- 
venous injection of purified anterior pituitary 
STH into a normal donor or into a donor pre- 
viously treated with the same STH causes the 
appearance of a hyperglycemic material (glu- 
cagon) in the blood of the pancreatic but not 
of the mesenteric vein. This glucagon causes 
hyperglycemia in a normal recipient dog. In 
addition to decreasing insulin secretion(5) and 
Anhibiting peripheral utilization of glucose 
(18), STH appears to cause hyperglycemia by 
stimulating the secretion of glucagon by the 
pancreas. It is believed that these results 
further support the hypothesis that glucagon 
is a pancreatic anti-insulin hormone contrib- 
uting to the maintenance of a normal blood 
sugar concentration. 


We are indebted to Doctors Stanley Hier of the 
Wilson Laboratories for supplying Heparin, and to 
Doctors N. Ercoli, I. Bunding, and S. L. Steelman 
of the Armour Laboratories for supplying Heparin 
and STH. 
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Selective Sterilization of Young Female Mice by Radioiodine 


Transmitted Through the Mother’s Milk. 


(20484) 


Roperts RuUGH.* 


From the Radiological Research Laboratory, Columbia University. 


It has been established that ionizing radia- 
tions, whether from an x-ray source or from 
some isotope, may bring about the steriliza- 
tion of animals if they are subjected either to 
large single or small chronic exposures(1-3, 
6,8). Young mice of the C;7 strain showed 
reduction in ovogenesis but no effect on 
spermatogenesis following injections of radio- 
iodine (Gorbman—personal communications). 
Speert et al.(7) injected pregnant mice with 
radioiodine to determine the onset of fetal 
thyroid function, and found effects on the fetal 
gonad. Radioiodine readily passes from the 
nursing mouse to its litter young by way of the 
milk and there is a progressive increase in the 
relative amount of radioiodine previously in- 
jected into the nursing mouse, found in the 
suckling litter young. By 48 hours as much 
as 86% of the retained radioiodine is found in 
the litter members and only 14% in the 
mother (4,5). 

It seemed of importance to determine the 
differential sensitivity of the ovary and the 
testes of the newborn mouse as it might be 
affected by radioiodine injected into the 
mother and transferred to the suckling young 
by way of the mammary glands. 

Materials and method. The female mice 
used in this study were of the Swiss albino 
stock, each of which had previously delivered 
a normal litter. They were time-mated so as 
to litter simultaneously, and 37 litters were 
selected. The mice with small but normal 
litters were chosen so that there would be no 
milk shortage to the suckling young. In other 
words, there was available to them milk ad 
libitum. The 37 litters were treated as in 
Table I. 

The radioiodine was in the form of sodium 
iodide (NaI‘*') received from the Pile at Oak 


* This study was undertaken with the assistance 
of a Grant from the Loyal League Philanthropies, 
and sponsored by the Committee on Tumor Regis- 
try of the American Academy of Pediatrics repre- 
sented by Dr. H. A. Dargeon. 


TABLE I. 
Post- 
Fe- partums> inj ay 
Litters Males males Total age, days ue 
9 16 19 35 5 300 
i 10 11 21 5 600 
8 23 13 36 15 300 
5 18 5 23 15 600 
8 31 Controls 


13 18 


Ridge and diluted so that each cubic centi- 
meter contained 400 pc of active radioiodine. 


The dose levels used were 300 and 600 pe 


per single injection. The isotope was injected 
subcutaneously into the nursing mouse which 
was then returned to its litter. Sixteen mice 
were injected when the litter young were $ 


days of age and 13 when their young were 15 


days old. It is known that by the fifteenth 


day there is maximum milk production by the - 


nursing mouse. Eight control females were 
injected with an amount of nonradioactive 


elementary iodine comparable to that of the . 


higher dose levels of the isotope used. The 
shavings in all cages were discarded at 24 and 
48 hours post injection to avoid any possible 
external contamination from excreted iodine 
and the mice were given the usual care of our 
animal quarters. At weaning time (4 weeks) 
the sexes were separated, members of one 
litter being kept separate from the members 
of other litters. 


At 2 month intervals, beginning at 2 months 
of age and continuing until the mice were 10 
months of age, about 10 mice from each of the 
5 categories were selected at random and 
tested against normal stock for fertility. Each 


female was tested consecutively against 2 | 


males for 5 days each, and each male was 
tested against 2 stock females. These same 
experimental mice were not again tested for 
fertility until all others, similarly treated, had 
been tested. At the termination of the experi- 
ment when the mice were 10 months of age, all 
living mice were fertility-tested. 

Observations and experimental data. Table 
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TABLE II. Fertility Tests.* 
8See—eaoaon—~S<Soo ce 
T'* treatment of mother 


——5 days postpartum——_, -— 15 days postpartum——_, Controls 
300 pe 600 we 300 ue 600 pe , 
Age, mo. $ 2 3 Q $ 9 8 2 rc) 2 
2 5/6 4/4 5/5 4/5 2/5 5/5 5/5 6/6 3/3 5/5 
4 3/4 2/4 3/4 1/4 4/5 5/5 5/5 4/6 6/6 4/4. 
6 5/5 2/5 3/4 ~ 0/5 5/5 2/5 5/5 3/6 6/6 5/6 
8 4/4 3/4 4/4. O/4 | 4/4 4/5 3/3 3/6 3/3 4/4 
Totals GAUSS SNA POAT a al, 15/19 16/20 18/18 16/18 18/18 18/19 
% 90 65 88 25 79 80 100 89 100 95 
Finaltest 15/16 4/19 6/8 0/11 21/23" 7/18 14/17 0/5 29/30 31/36 
at 10 mo. 
% 94 21 75 0 91 54 82 0 97 86 


* The data are given in this manner: Fertile/total tested; hence fertility percentage can be 


determined directly. 


II presents the fertility data of the entire 
experimental series. For practical reasons 
tests were not made on all animals every 2 
months, but by random sampling and with- 
out duplication of animals until all had been 
tested, the data are considered to be repre- 
sentative. 

With regard to the male offspring it is 
readily apparent that the fertility level is un- 
affected by any dose or time of treatment used. 
The lowest fertility value of 79% for males 
from 300 »c mothers injected on the 15th day 
is counterbalanced by the final test of the en- 
tire group of 23 animals which showed 91% 
fertility. The highest exposure of 600 pc 
I'*! to the mother never reduced male off- 
spring fertility below 75%. This figure was 
derived from the 10 month survivors of ex- 
posure on the 5th day postpartum. It is safe 
to conclude, therefore, that the male offspring 
subjected to radioiodine from the mother’s 
milk is radioresistant with regard to its re- 
productive activity. 

The data from the female offspring are, 
however, quite different. Sterility is evident 
as early as 4 months of age in mice exposed 
at 5 days post partem to either level of radio- 
iodine injection of the mother. Those exposed 
at 15 days showed some sterilization by 4 
months at the higher level and by 6 months at 
the lower level of injection of radioiodine. The 
overall fertility percentage for the period of 
8 months indicates that the young ovary is 
more radiosensitive at 5 than at 15 days post 
partum. The smaller dose of 300 uc of radio- 
iodine at 5 days reduced the fertility more 


(65% fertile) than the 600 uc dose at 15 days 
postpartum (89% fertile). This occurred in 
spite of the fact of greater milk production on 
the part of the mother. If one examines the 
final data of all remaining females at the 
termination of the experimental period, it is 
further evident that 600 yc of I’?! to the 
mother at either the 5 or the 15 day post- 
partum period results in complete sterilization. 
This means that not only is the overall fer- 
tility reduced in the female, but the reproduc- 
tive life span is likewise reduced. At the term- 
ination of the experiment 86% of the control 
females were still fertile. 

Discussion. The reasons for the hypersensi- 
tivity of the young ovary as opposed to the 
young testes to the damaging effect of high 
and concentrated exposures to ionizing radia- 
tions from radioiodine have not been deter- 
mined. It is very likely that the developing 
ovary and testes are not at the same stage of 
maturation at the time of radiation insult. 
However, this fact has been established for 
the fetal and adult mouse and the experi- 
mental evidence reported here substantiates 
the thesis for the newborn, receiving its ex- 
posure from maternal milk. 

The question is raised with regard to a 
possible indirect effect on the suckling young 
when the mother is subjected to a large dose 
of radioiodine. There is no doubt but that 
either dose used would eventually ablate the 
mother’s thyroid gland. Such radiation dam- 
age of the nursing mouse in no way alters her 
ability to suckle her young, to produce milk, 
or to survive for the duration of the experi- 
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ment. The young mice are weaned at the 
same time as are the controls, and there is 
no outward evidence of functional or struc- 
tural damage of any of the mice. 

There is also the question of possible ir- 
radiation of the suckling young by the tem- 
porary radioactive mother. She certainly 
emits both beta and gamma radiations. This, 
no doubt, obtains for a very short period im- 
mediately after the injection but there is evi- 
dence that the relative amount of radioiodine 
shifts in favor of the litter young very rapidly 
(4,5). Further, even though the mother might 
be a considerable source of radiation for a 
short time, this does not detract from the 
thesis that the ovaries are more radiosensitive 
than are the testes. It would be difficult to 
postulate selective exposure of the sexes. 

It has been shown(4) that the amount of 
I'8! passing to any suckling litter member 
- never exceeds 5% of the amount injected into 
the mother. This means that no more than 30 
pe of [8! reached any of the young mice 
tested. Even this amount is rapidly reduced 
by excretion and decay. It can be stated, 
therefore, that the ovaries at 5 days appear to 
be more radiosensitive to an exposure of no 
more than 30 pc of I'#1 than do the ovaries at 
15 days postpartum. ‘This occurs in spite of 
the further fact that more. milk is available 
to the suckling young on the 15th day. 


Finally, the absolute amount of injected 
radioiodine into the adult has been shown to 
drop from 100% in 4 hours to 90% in 24 hours 
and 20% in 48 hours, due to excretion and to 
decay(4). If a comparable reduction rate 
occurs for the suckling young, the maximum 
concentration of 30 uc received by any suckl- 
ing member was reduced in 48 hours to a 
maximum of 6 wc. The duration of irradia- 


FEMALE MICE STERILIZED BY RADIOIODINE 


tion of the tissues of the newborn mice is not 
long. Nevertheless, it seems evident that the 
gonads of the young newborn female mouse 
must be very sensitive to ionizing radiations 


| 
if 


from radioiodine, expressed in reduced fer- 


tility as early as four months of age. 
Summary and conclusions. 


1. Ovaries of | 


young newborn mice are very sensitive to 


ionizing radiations from radioiodine adminis- 
tered to the mother and reaching the young 
through the milk. The testes of litter mate 
male mice are very radioresistant under the 
same conditions. 
nursing mouse with 600 pc of 17%! reduced 
fertility in the female offspring by four 
months and made all female offspring sterile 
by 10 months while controls were 86% fertile. 


2. A single injection of a | 


Litter mate males were never reduced to less | 


than 75% fertility. 3. It appears that the 
ovary of 5-day-old mice is more sensitive to 
ionizing radiations from radioiodine than is 
the ovary of the 15-day-old mouse. 4. Even 


though exposure of the ovary of the young — 


mouse to ionizing radiations was relatively 


brief, sterility was not evident for at least 4 | 


months. Not only was the overall fertility of 
the female reduced, but so also was the length 
of the reproductive life span. 
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Cholinesterase-Inhibiting Properties of Two Vinyl-Substituted 
Phosphates. (20485) 


M.S. Morse, J. K. KopAMA, AND C. H. HINneE. 


From the Department of Pharmacology and Experimental Therapeutics, University of California 
School of Medicine, San Francisco. 


Aromatic and halide derivatives of organo 
substituted phosphoric and phosphonic acids 
have found considerable use in agriculture and 
medicine. In general, their activity stems 
from their ability to combine with and inhibit 
the cholinesterases. We have studied a new 
series of organophosphorus compounds and 
have found certain unsaturated alkyl deriva- 
tives to be highly toxic to rodents(1). Corey 
and his associates(2) have reported the insec- 
ticidal activity of 2 of these, diethyl 2-chloro- 
vinyl phosphate (I) and dimethyl 1-carbo- 
methoxy-1-propen-2-yl phosphate (II). The 
report of Kodama(3) summarizes their mam- 
malian toxicity. 

In this paper we report on the cumulative 
inhibitory properties of I and II following 
repeated administration, the rate of regenera- 
tion or reactivation after single administra- 
tion, and the inhibitory action in vitro of these 
compounds on cholinesterase. For compara- 
tive purposes, p-nitrophenyl diethyl thiono- 
phosphate (parathion) was included in the 
experimental design. 

Method. Cumulative toxicity. Graded in- 
traperitoneal injection. ‘The cumulative in- 
hibitory effect of different sublethal doses was 
determined by daily (except weekends) ad- 
ministration of each compound to female rats 
(100-156 g) of the Long-Evans strain. Groups 
of 10 rats received I, II, and parathion in 
amounts equal to 10, 25, and 50% of the 
calculated intraperitoneal LD; 9. These LD;o 
values for female rats of this strain and weight 
range are, in mg/kg, for I, 9.0; for II, 1.51; 
and for parathion, 4.0. A group of 10 control 
rats received propylene glycol (the solvent 
used to facilitate administration to the ex- 
perimental rats) in an amount equal to 0.2% 
of the body weight. Five rats from each 
group, or all survivors if there were fewer than 
5, were sacrificed after 17 injections. The 
remaining rats were given a total of 22 injec- 
tions before sacrifice. Twenty-four hours 


after their final injection, the rats were lightly 
anesthetized, and decapitated. The per cent 
of active cholinesterase present in the erythro- 
cytes, plasma, and brain, was determined by 
a modification of the method of Frawley and 
his coworkers(4). Wherever advisable, cholin- 
esterase values were examined by comparison ~ 
of pH readings by means of the ‘‘Student” f 
test, or by analysis of variance. P values of 
greater than 0.05 were considered insignificant. 
Varied number of injections. The rate of 
cumulative inhibition was determined by re- 
peated intraperitoneal administration of 25% 
of the LDso of the compounds. Groups of 3 
rats (110-140 g) were sacrificed 24 hours after 
1, 2, 4, 8, and 16 daily injections. Sacrifice 
of the animals and evaluation of enzyme ac- 
tivity conformed with the procedure outlined 
above. Sixty-day feeding. Female rats (104- 
165 g) of the Long-Evans strain were divided 
randomly into groups of 6 and fed I and II 
at dietary levels of 6.3, 12.5, 25, 50, and 100 
ppm. The phosphates were intimately mixed 
with a standard feed of known composition. 
A group of 10 rats served as control. At the 
end of 60 days, the surviving rats were anes- 
thetized and decapitated, and the per cent 
activity of the cholinesterase in the erythro- 
cytes, plasma, and brain, was determined. 

Rate of regeneration. The rate of return 
of cholinesterase activity was determined in 
groups of rats (110-140 g) given 25% of the 
LDs» of I, II, and parathion, and sacrificed 
subsequently at appropriate time intervals 
until activity returned to normal. Five rats 
were used in each experimental group, and 
5 in the control group. Groups were killed 
at 1%, 1, 2, 4, 24, 48, and 96 hours after 
treatment, and in the case of I, also at 8 and 
16 days. The cholinesterase content of eryth- 
rocytes, plasma, and brain, was determined 
for each rat according to the method of Fraw- 
ley (4). 


Inhibitory action in vitro. Inhibitory ac- 
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tivity of the phosphates was determined in 
vitro, and the concentration at which the com- 
pound caused 50% inhibition of normal activ- 
ity (ICs) was determined for human erythro- 
cytes, and for rat erythrocytes, brain, and 
plasma. The cholinesterase activity of human 
cells was determined by the method of Michel 
(5) while the activity of rat tissues was meas- 
ured by Frawley’s method. 


Results. Cumulative toxicity. Graded in- 
traperitoneal injection. ‘There were no deaths 
in any of the groups receiving II, or in groups 
given I or parathion at the 10% level. Only 
one animal at the 25% level died, after 2 
injections of I. Eight rats receiving 50% of 
the LD; 9 of I, and 8 at this level of para- 
thion, died during the course of the experi- 
ment. There was a direct correlation between 
the degree of inactivation of erythrocyte and 
brain cholinesterase and the amount of inhib- 
itor administered (Fig. 1). However, there 
were occasionally significant increases in plas- 
ma cholinesterase activity, e.g., in animals re- 
ceiving 10% of the LD;» of II and parathion. 
Varying number of injections. When 25% of 
the LD;o of the 3 phosphates was given for 
from one to 16 injections, the inhibition of 
erythrocyte cholinesterase by II was much less 
than that by the other phosphates, and values 
computed after the first, second, and fourth 
injections did not differ significantly from the 
control values. The cholinesterase activity of 
the erythrocytes fell progressively with in- 
creasing numbers of injections, of II and para- 
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FIG. 1. % active cholinesterase of erythrocytes, 

plasma, and brain of female rats surviving 22 in- 

traperitoneal injections of 10, 25, or 50% of the 
LD, of I, II, or parathion. 
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FIG. 2. % active cholinesterase in erythrocytes, 
plasma, and brain of female rats receiving 1 to 16 
daily intraperitoneal injections of 25% of the LDs> 
of I, Il, and parathion. 
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FIG. 3. % active cholinesterase in erythrocytes, 


plasma, and brain of female rats surviving diets 
containing 6.3, 12.5, 25, 50, or 100 ppm of I and 
IT for 60 days. 


thion; this effect was not evident with I, 
probably because of the original striking de- 
crease to 20% of the control value after the 
first injection. 

There was no significant decrease in brain 
cholinesterase after the first injection of II 
and parathion, but all other values observed 
were significantly lower than those of control 
animals. The greatest depression followed I 
injections, and II had the least effect. A pro- 
gressive decline in activity was seen with all 
3 phosphates as the number of injections in- 
creased. 


Plasma activity was not significantly de- 
creased by II, and a significant increase ap- 
peared after the 16th injection. Plasma activ- 
ity following parathion injection followed the 
same pattern, but with a greater initial depres- 
sion, significant after the 4th injection. The 
subsequent rise was not significant by the 
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FIG. 4. % active cholinesterase in erythrocytes, 

plasma, and brain of female rats receiving one in- 

traperitoneal injection of 25% of the LD, of I, 
II, and parathion. 


16th injection. Plasma activity was lowest 
after I injection, with a significant decrease 
after the first injection. There were no spon- 
taneous deaths among the animals. Compara- 
tive cholinesterase values are shown in Fig. 2. 
Subacute feeding. No animals survived the 
feeding of II at a level of 100 ppm for 60 
days, but 2 of the 6 fed 100 ppm of I survived. 
There were no deaths at lower levels. This 
experiment showed the most decided progres- 
sive decrease in cholinesterase activity cor- 
related with increase in dosage, and all 3 
tissues were affected (Fig. 3). The erythro- 
cyte cholinesterase showed the greatest de- 
pression by both compounds. Brain cholin- 
esterase was inhibited to the same extent by 
the 2 compounds, the only significant differ- 
ence appearing at the 25% level, where II was 
less inhibitory (p = 0.01). Plasma cholin- 
esterase showed the least inhibition. 


Rate of regeneration. Cholinesterase activ- 
ity of all tissues had returned to values not 
significantly different from control values by 
24 hours after the injection of 25% of the 
LD; of II and parathion. Depression was 
more severe and lasting with I. In general, 
the lowest values were observed within an 
hour after injection, and the rise thereafter 
was irregular rather than steadily progressive. 
The erythrocyte enzyme seemed to be inhib- 
ited to the greatest extent, and to regenerate 
a little more rapidly. 

Inhibitory action in vitro. The results of 
the tests for activity im vitro did not follow the 
findings in vivo. Compound II was 10 times 
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as active as I against all tissues studied. It 
was slightly more active than parathion 
against the enzyme of rat brain, however, and 
more active against rat plasma cholinesterase. 
The data are presented in Table I. 

Discussion. The present studies indicated 
that I and II exhibit properties similar to the 
cholinesterase-inhibiting compound parathion. 
Inhibition of the activity of the cholin- 
esterase of erythrocytes, brain, and plasma 
occurred to varying degrees, and was usu- 
ally least and of shortest duration with II. 
Both vinyl phosphates and parathion showed 
greatest activity against the enzyme of eryth- 
rocytes, and least against the “pseudo” en- 
zyme of plasma; the erythrocyte enzyme ap- 
peared to regenerate most rapidly. The 
plasma enzyme seemed to show a rise after 
the phosphates had been given intraperi- 
toneally over a period of time, but not when 
fed. Cholinesterase inhibition by parathion 
resembled that of II after a single injection, 
but was more similar to that of I after mul- 
tiple injections. 

Close comparisons and absolute statements 
are difficult, because of the rather striking in- 
dividual differences in the response of the rats 
to all 3 compounds, and the variations en- 
countered in normal animals. Altered cholin- 
esterase values were sometimes found after 
repeated injections of the supposedly innocu- 
ous propylene glycol, administered to control 
animals when used as a solvent for injection 
of experimental rats. The statistical analysis 
(analysis of variance and “Student” ¢ test) 
presumably clarifies the data and enhances the 
reliability of our results. 

In his studies of reversibility, DuBois and 
his coworkers(6) administered parathion in- 
traperitoneally at a dose level of 5 mg/kg 
(71% of the stated LD;0), and determined 
that while the brain cholinesterase was de- 
pressed to 6% of the normal activity at one- 
half hour, it returned to 100% in 4 hours. Our 
experiment, using 25% of the calculated LD5o, 
showed less severe depression, to 57% of the 
control value. However, activity returned in 
the same length of time, 4 hours, to a value 
of 92% (not significantly different from the 
control value). These results compare satis- 
factorily, considering the comparatively small 
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TABLE I. Molar Concentration of Compounds 


VINYL-SUBSTITUTED PHOSPHATES 


I, II, and Parathion Required to Produce 50% 


Inhibition In Vitro of Cie lenesteraie from Various Sources. 


Human Rat 
Compound erythrocytes erythrocytes Rat brain Rat plasma 
if 2.1 x 10° Te eel Ore al SSO 5.4 & 10° 
II 2.4 x 10° 1145), Se OES 23 Oe xe Big rcekOne 
Parathion 2.6 < 10° 3:2 GAliOms AU UO? Bul Se Ihbee 


numbers of animals used and the unavoidable 
variations within groups. 


Frawley (4), using the same dose as DuBois 
(16.6% of his stated LD;0) but peroral ad- 
ministration, found no inhibition at the end of 
4 hours, and return to 90% of normal at the 
end of 14 hours. The values were no higher 
at the end of one week, and 2 weeks were 
required for the return of 100% activity of 
the brain enzyme. Lehman(7), on the other 
hand, using a peroral “‘sublethal” dose, found 
a maximum inhibition to 51%, and recovery 
in 72 hours. Erythrocyte cholinesterase in 
Lehman’s experiment was reduced to 15% and 
did not return to normal for more than 4 
weeks. According to Lehman, this prolonged 
recovery time shows that the enzyme-inhibitor 
complex is irreversible in erythrocytes, since 
the average life of a rat erythrocyte is 4 weeks. 
In our experiment, using intraperitoneal in- 
jection, recovery time was approximately 2 
weeks, which, according to Lehman’s theory, 
would seem to indicate reversibility. 


Our results indicate that I and II resemble 
parathion more closely than DFP. The slower 
action and prolonged recovery time with I 
would suggest a slower absorption, transport, 
or metabolism. 


Summary. 1. Comparative cholinesterase- 
inhibiting activity of 2 new vinyl-substituted 
phosphates and parathion was studied in 
respect to their cumulative inhibitory proper- 
ties, the rate of regeneration of the enzyme 
following single administration, and their in- 
hibitory action in vitro. 2. While qualita- 


tively resembling parathion in inhibitory ac- 
tion against cholinesterase, quantitatively the 
diethyl 2-chlorovinyl phosphate was found to 
be more active both in vitro and in vivo than 
parathion; and the dimethyl 1-carbomethoxy- 
l1-propen-2-yl phosphate was less active im 
vivo. 3. By examination of the cumulative 
inhibitory properties of these 3 phosphates, 
the observation of others has been confirmed, 
that on increasing the dosage or duration of 
exposure to the cholinesterase inhibitor, re- 
markably low levels of enzyme activity can 
occur without fatal termination. 4. Erythro- 
cyte cholinesterase was usually depressed to a 
greater extent than that of brain or plasma. 
There was some indication of a tolerance de- 
veloping on the part of the “pseudo” cholin- 
esterase with one of the compounds. 


1. Hine; C: H., Shackj eke Re Nodama, ijk 
and Morse, M. S., Fed. Proc., 1952, v11. 

2. Gorey,. R. vA. Dorman, S$) C5) Hall, Wek, 
Glover, L. C., and Whetstone, R. R., Science, in 
press. 

3. Kodama, J. K., Morse, M. S., Hine, C. H., 
Anderson, H. H., and Dunlap, M. K., in press. 

4. Frawley, J. P., Hagan, E. C., and Fitzhugh, 
O. G., J. Pharmacol. and Exp. Therap., 1952, v105, 
156. 

5. Michel, H. O., J. Lab. and Clin. 
v34, 1564. 

6. DuBois, K. P., Doull, J., Salerno, P. R., and 
Coon, J. M., J. Pharmacol. and Exp. Therap., 1949 
v95, 79. 

7. Lehman, A. J., Assoc. Food and Drug Officials 
U.S. Quart. Bull., 1952, v14, 85. 


Med., 1949, 


Received June 22, 1953. P.S.E.B.M., 1953, v8&3. 


769 


Effects of Hypophysectomy, ACTH, Cortisone and Estradiol on the 
B-Glucuronidase Activity of Adrenal Gland in the Rat.* (20486) 


ERNEST KNoBIL.t 


(Introduced by Roy O. Greep.) 


(With the technical assistance of Lorelei W. Parker.) 
From the Biological Research Laboratory, Harvard School of. Dental Medicine, Boston, Mass. 


That a relationship exists between the ac- 
tivity of the enzyme @-glucuronidase in certain 
tissues and the circulating level of estrogens, 
androgens and probably adrenal cortical 
steroids is well established. Thus, estrogens 
notably increase the 8-glucuronidase concen- 
trations in the accessory organs of reproduc- 
tion(1,2), androgens that in the kidney(3) 
and cortisone has been reported to effect a 
rise in the plasma levels of this enzyme in 
man(4). Although the nature of this hor- 
mone-enzyme relationship is still obscure, its 
elucidation may lead to a better understand- 
ing of the mechanisms involved in steroid hor- 
mone synthesis, utilization and metabolism. 
The occurrence of relatively high concentra- 
- tions of 8-glucuronidase in the adrenal glands 
of the rat(5) and the cow(6) seemed of inter- 
est in this regard and an investigation of 
adrenal -glucuronidase activity under a 
variety of experimental conditions was there- 
fore initiated. 

Materials and methods. Male rats of the 
Sprague-Dawley strain were hypophysectom- 
ized by the parapharyngeal route, the control 
animals being subjected to sham procedures. 
At the time of operation 30,000 units of peni- 
cillin in oil were administered and 10% glu- 
cose was made available as the drinking fluid. 

The 3 hormones were administered sub- 
cutaneously in one daily dose: estradiol ben- 
zoate in oil, cortisone acetate in aqueous sus- 
pension and ACTH in gelatin solution 
(ACTHAR gel Armour, Lot L-47704). The 
animals were sacrificed the day following the 
last injection of estradiol and cortisone and 3 
hours after the last injection of ACTH. 

The adrenals were trimmed, weighed on a 
torsion balance and analyzed for 8-glucuroni- 
dase activity by the method of Talalay, Fish- 
man and Huggins(5). In the hypophysectom- 
ized groups aliquots of the whole adrenal 


* Aided by an Institutional Grant to Harvard 
University from the American Cancer Society. 
+ Milton Research Fellow, Harvard University. 


homogenates were utilized for the estimation 
of enzyme activity, total nitrogen determina- 
tions being performed on aliquots of the same 
homogenates by micro-Kjeldahl analysis. 

Results. 1.. Effect of ACTH. 2 mg of 
ACTH per day for 4 and 10 days effected a 
Statistically significant increase in adrenal 
weight and treatment for 10 days resulted in © 
a significant reduction of body weight (Table 
I). These expected changes were not .asso- 
ciated with an increase in adrenal 6-glucuroni- 
dase activity when expressed in terms of 
enzyme activity per mg of adrenal tissue, wet 
weight (Table I). 

2. Effect of cortisone acetate. 3 mg of corti- 
sone acetate per day for 10 days failed to 
effect a significant change in adrenal £-glu- 
curonidase activity despite the marked regres- 
sion in adrenal weight induced by this treat- 
ment (Table IT). 

3. Effect of estradiol benzoate. As in the 
case of ACTH and cortisone, estradiol (100 
wg per day for 10 days) did not alter the 
8-glucuronidase concentrating adrenal tissue 
although the effects of this hormone on ad- 
renal weight and somatic growth could be 
demonstrated. (Table II). 

4. Effect of hypophysectomy. -glucuroni- 
dase activity in the adrenal glands 6 days 
following hypophysectomy was increased sig- 
nificantly above the control concentrations 
(P <.01 in Exp. 1 and 2; Table III). When 
expressed in terms of enzyme activity per mg 
of nitrogen this increase was less marked but 
still significant at the 5% level (hypox.: 
90.4 + 7.9 units per mg of nitrogen; control: 
70.3 + 2.9 units per mg of nitrogen; 15 de- 
grees of freedom). 

Discussion. The increase in adrenal £-glu- 
curonidase concentration following hypophy- 
sectomy is difficult to interpret. It should be 
noted that cortisone administration, while 
effecting an involution of the adrenals com- 
parable to that obtained by hypophysectomy, 
did not result in a rise of enzyme activity. 
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ADRENAL 8-GLUCURONIDASE IN THE RAT 


TABLE I. Effect of ACTH on Adrenal g-glucuronidase Activity. 


No. Final Units enzyme 
Exp. animals body wt Adrenal wt per mg adrenal* 
g mg 
Control 6 I) aati 25.4 + 1.5 6.96 + .51 
2mg ACTH /day for 4 days 7 186 + 6 32.4 + 2.1 6.70 + .26 
Control 5 228 + 9 29.8 + 2.5 7.92 + .70 
2mg ACTH/day for 10 days 6 20141 41.2 + 3.6 8.16 + .28 
* Wet wt. 


+ Mean + stand. error of the mean. 


TABLE II. Effect of Estradiol Benzoate and Cortisone Acetate on Adrenal g-glucuronidase 


Activity. 
No. Final Units enzyme 
Exp. animals body wt Adrenal wt per mg adrenal* 
g mg 

Control 9 206 + 7t 26.3 + 1.4 8.50 + .54 

100 wg estradiol benzoate/day 10 152 +5 31.8 + 2.0 7.97 + 46 
for 10 days 

3 mg cortisone/day for 10 days 8 162 + 8 12.84 .5 9.70 + .61 
* Wet wt. 


+ Mean + stand. error of the mean. 


TABLE III. Effect of Hypophysectomy (6 Days) on Adrenal g-glucuronidase Activity. 


No. Final Units enzyme 
Exp. animals body wt Adrenal wt per mg adrenal” 
g mg 
I 
Control @ 153 + 3t 28.6 + .7 10.28 + .27 
Hypox. 15 100 + 3 Op eaeilt TACT 3S =e) 
JUL 
Control 10 164+ 4 29.4 + .8 10.59 + .48 
Hypox. 15 105 + 3 16.1 4 .5 13.80 + .37 
* Wet wt. 


+ Mean + stand. error of the mean. 


Whatever the physiological significance of 
8-glucuronidase may be, its stability in the 
adrenal gland with reference to the experi- 
mental procedures employed suggests that the 
functions of the enzyme in this organ may be 
different from that in the uterus or the kidney 
where the response to hormonal stimulation or 
deprivation is a striking one. 

Summary. The effects of hypophysectomy 
and ACTH, cortisone acetate and estradiol 
benzoate administration on the -glucuroni- 
dase activity of the adrenal gland in the rat 
have been investigated. ACTH, cortisone and 
estradiol, while producing their characteristic 
effects on adrenal and body weights, failed 
to modify the 8-glucuronidase concentrations 
in the gland. Hypophysectomy, on the other 
hand, effected a statistically significant in- 


crease in adrenal 8-glucuronidase activity. 


The estradiol benzoate was kindly supplied by 
Dr. P. L. Perlman, Schering Corporation, Bloomfield, 
N. J., and the cortisone acetate by Dr. E. Alpert of 
Merck and Co., Rahway, N. J. 
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Intracellular Phosphorus Turnover in the Rat Liver Cell.* (20487). 


Mary GriFFITHS AND NELLO Pace. 
From the Department of Physiology, School of Medicine, and Office of Naval Research Unit No. 1; 
University of California, Berkeley. 


With the advent of the technic of differen- 
tial centrifugation for the preparation of large 
quantities of the sub-cellular particulates in 
isolated form, it has become possible to study 
quantitative aspects of the metabolic turnover 
of biochemical constituents at the level of the 
cell rather than at the tissue level. The pres- 
ent work represents an attempt to make a 
broad preliminary survey of the metabolic 
fate of radiophosphorus labeled phosphate in 
the rat liver cell following intravenous injec- 
tion of the labeled phosphate. 

Four intracellular fractions from rat liver 
have been investigated: mitochondria, micro- 
somes, supernatant, and a crude nuclear frac- 
tion. The distribution of P32 in these frac- 
tions at different times after its injection into 
the animal as phosphate has been determined. 
As a preliminary step in the investigation of 
the individual substances in which P32 is 
turned over, the phosphorus compounds of 
each cell fraction have been chemically sepa- 
rated into the 4 following groups: the acid- 
soluble compounds, the phospholipids, the 
nucleic acids, and the protein residue. Thus 
it has been possible to construct time-distribu- 
tion curves for labeled phosphorus in the vari- 
ous liver cell fractions, and within these, 
among the various chemical phosphorus frac- 
tions. Additional data has also been obtained 
on the dry weight, nitrogen content and total 
phosphorus content of the cell fractions from 
whole livers. 

Experimental. Non-fasted male rats of the 
Curtis-Dunning strain weighing 250 to 300 
were used. For the preparation of the cellular 
fractions, livers previously perfused with cold 
Tyrode’s solution were forced through a stain- 
less steel sieve which retained the connective 
tissue, and the pulp was homogenized for 5 
minutes in 0.88 molar sucrose in a glass 
homogenizer fitted with a water-cooled jacket. 


* These studies were aided by Contract N7 onr- 
20504 between the Office of Naval Research and the 
University of California. 


In general, 5 to 6 g of liver pulp were made up 
to a volume of 50 ml with sucrose. 
Preparation of the cellular fractions. Essen- 
tially the method of Hogeboom ef al.(1) was 
used for the differential centrifugation of the 
homogenate. The nuclear fraction was sedi- 
mented by centrifuging the homogenate twice 
for 15 and 10 minutes respectively at 600 x g 
in an “International” clinical centrifuge fitted 
with an angle-head rotor. The sediments from 
these 2 low-speed centrifugations were com- 
bined and washed twice with sucrose and con- 
stituted the washed crude nuclear fraction. 
The mitochondrial fraction was obtained by 
centrifuging the original supernatant removed 
from the nuclear fraction combined with the 
2 washes, at 10,000 x g for 30 minutes in a 
““Servall” vacuum-type angle centrifuge. The 
sediment was washed once. The supernatant 
removed from the mitochondrial fraction, and 
from the subsequent washing of the mito- 
chondria, was centrifuged for 30 minutes at 
100,000 x g in a “Spinco” preparative centri- 
fuge in order to sediment the microsomes. 
The microsomal fraction was washed once and 
resedimented. The entire operation of per- 
fusion, homogenization and centrifugation was 
carried out in the cold at 2°C. Histological 
examination showed that the fractions ob- 
tained corresponded in appearance and stain- 
ing properties with those described by Claude 
(2) and by Hogeboom and co-workers(1). 
Dry weights of the cellular fractions. Modi 
fication of the above procedure was neces- 
sary in order to obtain the dry weights of the 
fractions free from sucrose. For each fraction, 
the initial centrifugation was carried out in 
sucrose, to ensure that the same fraction was 
being sedimented, but all washings were with 
0.9% sodium chloride brought to a pH of 7.6 
to minimize agglutination of granules. Sodium 
chloride was used rather than water because 
of the tendency for granules to disintegrate 
in water(2). No effort was made to allow 
for the small amount of sodium chloride con- 
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TABLE I. Mean Values for Dry Weight, Nitrogen and Phosphorus Content of Cellular 


Fractions from 6 Rat Livers. 
ee ee ee 


Homog- Mito- Micro- Super- = 
enate Nuclei chondria somes natant Recovery 

Dry wt Total g 2.37 44 i) 41 of = 

% of total 100 18.7 31.0 17.4 3225, * 
Nitrogen Total mg 251.8 39.8 78.0 29.5 102.3 97.4 

% of total 100 14.3 31.0 Wales 40.4 
Phosphorus Total mg 26.9 4.2 7.6 5.0 9.6 97.5 

% of total 100 15.6 28.3 18.7 34.9 
P/N ratio sal of 10 ane .09 


* By difference, because of the presence of sucrose. 


taminating the granules, which in no case 
amounted to more than 1 or 2% of the total 
dry weight of the fraction. The washed nuclei, 
mitochondria and microsomes were transferred 
to tared flasks and were dried to a constant 
weight at 90°C to 100°C. The dry weight of 
the supernatant was obtained by difference, 
because of the presence of the bulk of the 
sucrose in this fraction. 

Nitrogen determinations. Nitrogen was de- 
termined by a micro-Kjeldahl method essen- 
tially as described by Umbreit(3).. Steam 
distillation was carried out into a boric acid 
solution, using an indicator containing brom- 
cresol green and methyl red, which gives a 
sharp end point. 

Phosphorus determinations. The method of 
Sumner(4) was used for all phosphorus de- 
terminations. During digestion of the material 
with sulfuric acid and hydrogen peroxide, 
foaming due to large amounts of sugar pres- 
ent in some fractions was prevented or con- 
trolled by use of caprylic alcohol. 

Analysis of the phosphorus compounds. The 
method of fractionation of phosphorus com- 
pounds into 4 main groups, proposed by 
Schneider was employed(5).  Acid-soluble 
compounds were extracted with cold 10% 
trichloroacetic acid, followed by extraction of 
phospholipids with alcohol and ether, fol- 
lowed by extraction of nucleic acids with hot 
5% trichloroacetic acid. The residue was dis- 
solved in 1% sodium hydroxide and will be 
referred to as the protein residue. The phos- 
phorus of each chemical fraction was deter- 
mined as previously described. All samples 
were analyzed in duplicate. 

P32 determinations. Approximately 20 pc 


(10* counts per minute) of high specific ac- 
tivity radioactive phosphorus in the form of 
NaH>PO, were injected into the tail veins of 
the rats from 30 minutes to 48 hours before 
sacrificing. The 4 chemical fractions made 
from each cellular fraction were neutralized 
where necessary and placed on lens paper in 
the center of aluminum plates. All counting 
was done with a Geiger-Miiller counter tube 
with a thin end window. Because this was a 
preliminary study designed only to indicate 
the overall picture of phosphorus exchange 
within the cell, no attempt was made to sepa- 
rate further the chemical fractions before de- 
termining the P32 content. 

Results. Aliquots of the homogenate pre- 
pared from each of 6 rat livers were used for 
the dry weight, phosphorus and nitrogen de- 
terminations shown in Table I. The dry 
weight of the crude nuclear fraction varied 
from 14.9% to 22.1% of the dry weight of the 
homogenate, with a mean value of 18.7%. 
The mitochondrial fraction accounted for 
27.4% to 35.0%, with a mean value of 31.5%, 
while the microsomes averaged 17.4% with 
a range of 14.7% to 21.0%. By difference, 
the supernatant was found to constitute a 
mean of 32.5% of the dry weight of the homo- 
genate. 

The mean phosphorus and nitrogen contents 
of the cellular fractions are also shown in 
Table I, both in terms of total milligrams pres- 
ent, and as percentages of the total phosphorus 
or nitrogen present in the liver. The mean 
phosphorus content of the whole liver, for this 
series of rats, was found to be 26.9 mg, 15.6% 
of which was in the crude nuclear fraction, 
28.3% in the mitochondria, 18.7% in the 
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TABLE II. Phosphorus Distribution in Cellular Fractions of Rat Liver.* 

Homogenate Nuclei Mitochondria Microsomes Supernatant 
Total P 30.11 4.60 6.89 6.13 12.01 

(24.23-36.75)  (3.90-5.91)  (6.17-9.30) — (4.57-8.07) _— (8.62-14.73) 
Acid-soluble P 7.56 35 1.50 ella 5.82 

(5 .96= 0346) OCT 8628.50) 5 1(1.08-1.62)) °C 107-416), (8.402 7.63) 
Phospholipid P 13.04 1.43 3.74 3.46 3.85 

(10.40-16.50)  (1.14-1.85) — (3.20-5.25) —(2.50-4.32) —(2.94- 4.98) 
Nucleic acid P 7.81 2.41 128 2.26 1.88 

( 6.38- 9.71)  (2.05-8.15) — (1.04-1.95) —-(1.28-3.44) —(1.28- 2.66) 
Protein residue P 1.23 20 51 13 24 

(COS CHIEAUESED Wi naar Gara ety" yer dite Mle" 10) os dean ea) sero ya CAG MEME Ree 


* The values are means from 10 rats and are expressed as mg P per whole liver. The range 


is given in parenthesis below each mean. 


TABLE III. Phosphorus of Chemical Fractions Expressed as % of Phosphorus of a Given 
Cellular Fraction.* 


Homogenate Nuclei Mitochondria Microsomes Supernatant 
Total P, % 100 100 100 100 100 
Acid-soluble P, % 2p all 7.6 18.9 1.8 48.5 
Phospholipid P, % 43.3 Sula 54.3 56.4 32.1 
Nucleic acid P, % 25.9 52.4 18.6 36.9 15.7 
Protein residue P, % 4.1 5.4 7.4 Veal 2.0 


* Mean values from 10 rats. 


microsomes, and 34.9% in the supernatant. 
The same livers contained, on an average, 
251.8 mg of nitrogen, 14.3% of which was in 
the nuclei, 31.0% in the mitochondria, 11.7% 
in the microsomes, and 40.4% in the super- 
natant. 

Tables II and III show the intracellular 
distribution of phosphorus in the livers of a 
second series of rats. In Table II, the total 
phosphorus content of the cellular fractions is 
given in mg and this is broken down between 
the different chemical fractions. The mean 
and range for 10 rats are given. Although the 
wet weight of the livers of the 10 rats varied 
not very greatly, the phosphorus content 
ranged from 24.2 mg to 36.7 mg per liver. 
Where the phosphorus content was low the 
fraction most affected was invariably the 
supernatant. Comparison of Tables I and II 
shows that the mean values for the phosphorus 
contents of the cellular fractions were not ex- 
actly the same for the two series of rats; how- 
ever, the differences between the means were 
not statistically significant by the ¢ test. 

In Table III, the chemical form in which 
the phosphorus is present in each cellular frac- 
tion is stressed by expressing the phosphorus 
content of.a given chemical fraction as a per- 


centage of the total phosphorus of the cellular 
fraction from which it was obtained. This 
brings out more clearly several points. Each 
cellular fraction, including the supernatant, 
contains a high percentage of phospholipids, 
which in the case of the mitochondria and 
microsomes amounts to more than 50% of the 
total phosphorus present. The supernatant 
contains a very high percentage of acid-soluble 
phosphorus, which might be expected, but the 
microsomes contain extremely little (1.8% of 
their total phosphorus), as compared with the 
mitochondria in which 18.9% of the total 
phosphorus is acid-soluble. The reverse is 
true of the nucleic acid content, where nucleic 
acid phosphorus accounts for 36.9% of the 
phosphorus of the microsomes but only 18.6% 
of the phosphorus of the mitochondria. Pro- 
tein residue is low in all fractions. It averages 
7.4% of the total phosphorus in the mito- 
chondria but only 2.1% and 2.0% in the 
microsomes and supernatant respectively.t 
Uptake of P32 by the cellular fractions. 


+t The amount of protein residue phosphorus ob- 
tained depends upon the method of extraction used. 
The Schneider method used here gives values 10 
times greater than those obtained by the Schmidt- 
Thannhauser method(é). 
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FIG. 1. Distribution of total P32 activity 
in various fractions of rat liver cells as a function 
of time following injection. 
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FIG. 2. Distribution of acid-soluble P32 activity 
in various fractions of rat liver cells as a function 
of time following injection. 


Fig. 1 to 4 show the % distribution of the total 
injected dose of P32 in the cellular fractions 
of the rat liver one-half hour to 48 hours after 
intravenous injection of P32. Each point 
represents the mean value of 2 rats. From 
Fig. 1 it appears that the P32 reaches a maxi- 
mum in the liver as a whole about 2 hours after 
intravenous injection. In the first few hours 
there is a similarity in the curves of the mito- 
chondrial and crude nuclear fractions, which 
both take up P32 rapidly and reach a maxi- 
mum at about 4 hours after injection. The 
microsomes on the other hand take up rela- 
tively little P32, very slowly. The P32 up- 
take of the supernatant follows an entirely 
different course, reaching a maximum some 
time before one-half hour after injection, and 
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dropping off very rapidly at a time when the 
P32 is being incorporated most rapidly into 
the particles. 

The incorporation of P32 into the acid- 
soluble compounds of the cellular fractions is 
shown in Fig. 2. This includes both inorganic 
and esterified phosphate compounds. Quan- 
titatively, the supernatant is clearly the most 
important component at all times, while the 
nuclei and particularly the microsomes are 
relatively unimportant. 

Fig. 3 gives the distribution of phospholipid 
P32 among the cellular components. The 
most noticeable features are the similarity of 
the curves for all fractions including the super- 
natant, the maximum occurring in all cases 
about 6 hours after injection. 

The distribution of nucleic acid P32 is 
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FIG. 3, Distribution of phospholipid P32 activity 
in various fractions of rat liver cells as a function 
of time following injection. 
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FIG. 4. Distribution of nucleic acid P32 activity 
in various fractions of rat liver cells as a function 
of time following injection. 
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given in Fig. 4. This fraction sometimes 
showed considerable variation between 2 rats 
sacrificed at the same time, and in general 
seems to be a less constant component than 
the phospholipids or acid-soluble compounds. 
Initially, only a very small amount of P32 is 
found in the nucleic acids of the microsomes 
and supernatant compared with the nuclei 
and mitochondria. Incorporation into the 
mitochondrial fraction is the most rapid, a 
maximum being reached 2 to 3 hours after in- 
jection, as compared with 5 to 6 hours for the 
nuclei, and considerably longer for the micro- 
somes and supernatant. 

Data for the protein residue are not in- 
cluded because the amounts of radioactivity 
and phosphorus were in some cases so small 
that accurate determinations were not feasible. 
However, the high specific activity that has 
frequently been reported(7) when the 
Schmidt-Thannhauser method of separation is 
used was not found in this investigation where 
the Schneider extraction method was em- 
ployed. The role of this class of compounds 
in the metabolism of the cell will remain ob- 
scure until their chemical nature is more 
rigorously defined. 


Discussion. There is considerable variation 
in the dry weights of all cellular fractions. This 
is particularly noticeable in the crude nuclear 
fraction, where it can be ascribed in part to 
deficiencies in the separation procedure, since 
this fraction is not pure and may well contain 
varying numbers of unbroken cells. Nuclear 
volumes from 10 to 18% of the liver cell 
volume have been reported(8) so the dry 
weight figure of 18.7% of the dry weight of 
the liver is probably not much too high. Al- 
though the nuclear fraction is admittedly im- 
pure, nevertheless its properties are probably 
largely those of pure nuclei. The results with 
this fraction are included for general compara- 
tive purposes, and to complete the quantita- 
tive recovery figures. 

The situation is somewhat different with 
regard to the mitochondria. Losses were kept 
to a minimum by reclaiming mitochondria 
from the nuclear washes, and although Jack- 
son et al.(9) have found that repeated wash- 
ing is necessary to rid the mitochondria of all 
sub-microscopic particles, the degree of con- 
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tamination involved here is not sufficiently 
great to account for the observed variations in 
dry weights. Many conditions such as nu- 
tritional status(10), or glycogen-glucose bal- 
ance(11), have been shown to influence the 
state or number of the mitochondria of various 
cells, and this would clearly be reflected in 
the dry weight. 


Greater variation was found in the dry 
weights of the microsomes than of the mito- 
chondria. The rats used in this experiment 
were non-fasted as this was considered pre- 
ferable for the subsequent experiment where 
the animals were sacrificed from one-half hour ° 
to 48 hours after the injection of P32. Changes 
in liver metabolism, for example the utiliza- 
tion of glucose, have been shown to occur 
with prolonged fasting(12). However the dis- 
advantage of using non-fasted rats is that 
glycogen granules are present in the liver and 
these appeared largely in the microsome frac- 
tion. Variation in the amount of glycogen 
present greatly affected the dry weight of this 
fraction. Another experiment in which fasted 
rats were used gave much more consistent and 
considerably lower values for the dry weight 
of the microsome fraction. 

In the crude nuclear fraction the nitrogen 
content was 14.3% of the total nitrogen of 
the homogenate, which is in quite close agree- 
ment with Schneider’s finding of 13.3%(13). 
Many figures are available for the nitrogen 
content of the mitochondria and they range 
between 23% and 26% of the total nitrogen. 
However, after correcting for losses, Schneider 
and Hogeboom(14) have estimated that 30 
to 35% of the total nitrogen is present in this. 
fraction. Their estimate agrees well with the 
value of 31% found in this investigation, 
where losses were kept to a minimum, 

The nitrogen and phosphorus values for 
the microsomes reported here are considerably 
lower than those found in some investigations 
where centrifugation was more prolonged and 
smaller particles were sedimented(1). The 
dry weight of this fraction can clearly be in- 
creased by increasing the time or speed of 
centrifugation. This acceleration of 100,000 x 
g for 30 minutes used in the present experi- 
ments was somewhat arbitrarily chosen, in 
order to reduce the time of separation to a 
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reasonable minimum. On the other hand, the 
high phosphorus to nitrogen ratio, which is 
characteristic of microsomes, was obtained, 
being 0.17 for the microsomes as compared 
with 0.10 for the mitochondria and 0.09 for 
the supernatant. 


The data presented in Tables II and III 
reveal a number of points concerning the par- 
tition of phosphorus compounds between the 
cellular components. It is not surprising that 


there is a large amount of acid-soluble phos-’ 


phorus present in the supernatant, as it would 
be expected that a wide variety of relatively 
small, phosphorus-containing molecules is 
present in the non-granular part of the cyto- 
plasm. But the very large amount of these 
substances present in the mitochondria is 
striking, especially when compared with the 
extremely small amount associated with the 
microsomes. It may be that the presence of 
semi-permeable membranes around the mito- 
chondria permits these granules to retain acid- 
soluble substances where no such mechanism 
exists in the smaller granules. It was noticed 
that the acid-soluble extract of the mito- 
chondria was quite green compared with other 
fractions; possibly they are responsible for 
the elaboration of some of the constituents of 
bile. 


It can be seen from Table I that phospho- 
lipids constitute the major group of phos- 
phorus-containing compounds in the liver cell, 
accounting for 43% of the total phosphorus. 
They are more concentrated in the granules 
than in the nuclei or cytoplasm, but, unlike the 
acid-soluble compounds they occur in quantity 
in every cellular component. 


There has been some question as to whether 
all the nucleic acid of the cell is bound to par- 
ticles, or whether some is free in the super- 
natant. Table I shows that a considerable 
amount of nucleic acid, 24%, is not sedi- 
mented by centrifugation at 100,000 x g for 
30 minutes, and several investigators have 
confirmed the presence of nucleic acid which 
is nonsedimentable at even higher speeds(14, 
15). However, Szafarz(16) has shown that 
this nucleic acid does not exist in the super- 
natant in the form of relatively small mole- 
cules, but is bound to proteins by stable bonds 
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analogous to those existing in mitochondria 
and microsomes. 

A large number of somewhat conflicting 
estimates are given in the literature for the 
nucleic acid content of cell particles(14). 
The data presented in Table II support the 
general view that the highest concentration of 
nucleic acid occurs in the microsomes, with 
considerably lower values for the mitochondria 
and supernatant. 

Considering the more dynamic aspect of 
phosphorus distribution, Fig. 1 to 4, showing 
the incorporation of P32 into the cellular com- 
ponents, reveal several interesting points. Be- 
cause the purpose of this investigation was to 
make a broad survey of the outlines of phos- 
phorus metabolism within the cell, rather than 
an attempt to establish in accurate detail the 
turnover of any one class of compounds, only 
the general nature of the curves obtained 
should be considered. Furthermore, no at- 
tempt was made, at this time, to separate in- 
organic phosphate from the remainder of the 
acid-soluble fraction. Therefore the activity 
of this fraction represents not only the incor- 
poration of P32 into esterified compounds, 
but also the penetration into the cell fractions 
of the original injected phosphate. However, 
it appears that after the first 2 or 3 hours, the 
bulk of the acid-soluble P32 is in a bound 
form, as the specific activity of the supernat- 
ant acid-soluble phosphorus is, by that time, 
lower than that of any other fraction. 


Labeled phosphorus enters the liver cell 
very soon after injection and the activity of 
the phosphorus of the non-particulate cyto- 
plasm rises immediately. Incorporation of 
P32 into the mitochondria and nuclei follows 
rapidly, but proceeds more slowly in the micro- 
somes. The specific activity of the phosphorus 
of the microsomes was at all times lower than 
that of the other fractions. This rapid incor- 
poration of P32 into the mitochondria as com- 
pared with the microsomes, is in keeping with 
the many metabolic activities ascribed to them. 
There is a great deal of evidence that much of 
the production of energy takes place at the 
level of the mitochondria. Here the various 
reactions of the Krebs cycle occur, with the 
production of many phosphorylated inter- 
mediates(17,18); and it is probably also in 
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the mitochondria that this energy is made 
available to the rest of the cell by the produc- 
tion of high energy phosphates(14). It is 
therefore not surprising to find that the in- 
corporation of P32 into acid-soluble com- 
pounds is particularly extensive in the mito- 
chondria. 

In contrast to the behavior of the mito- 
chondria is the relatively slight incorporation 
of P32 by the microsomes: particles known 
to have very incomplete enzyme systems and 
to function to only a minor extent in the oxi- 
dative processes of the cell. This difference 
in activity of the 2 particles is yet another 
indication that the 2 types of particles exist 
in the cell, and that the microsomes obtained 
by differential centrifugation are not merely 
broken up mitochondria, or the mitochondria 
simply aggregates of microsomes. 

The acid-soluble phosphorus of the crude 
nuclei presents a problem requiring further 
investigation. Preliminary study of the spe- 
cific activities of the phosphorus of the acid- 
soluble fractions has shown that the specific 
activity of the acid-soluble phosphorus of the 
crude nuclei appears to be higher than that of 
any other cellular fraction, in some cases be- 
ing as much as 5 times greater, and therefore 
cannot represent merely contamination by 
other cellular constituents. The acid soluble 
phosphorus compounds of the nuclei are ap- 
parently metabolically very active, even 
though small in amount. Perhaps they con- 
tain an exceptionally high proportion of sub- 
stances such as adenosine triphosphate, which 
is known to have a rapid turnover in the liver 
(19). It will be necessary to use pure nuclear 
preparations and to separate out the various 
known components of the acid-soluble fraction 
in order to determine the compound or com- 
pounds involved. 

The large amount of phospholipid present 
in each cellular fraction and the extreme simi- 
larity with regard to the incorporation of P32 
into phospholipids in all parts of the cell is 
very striking, and would tend to favor a 
theory of the structural function of phospho- 
lipids in the cell. This is in marked contrast 
to the nucleic acids which vary greatly in their 
turnover, depending upon their location within 
the cell. 
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Summary. 1. A broad preliminary survey 
has been made of the metabolic fate of P32 
labeled phosphate within the rat liver cell, 
following intravenous injection of .the labeled 
phosphate. 2. By means of differential cen- 
trifugation of rat liver homogenates, 4 intra- 
cellular components have been separated out: 
mitochondria, microsomes, the remaining su- 
pernatant, and a crude nuclear fraction. 3. 
Time-distribution curves have been con- 
structed for the P32 in the 4 cell fractions, 
and further resolution has been obtained by 
chemically fractionating the P32 activity in 
each cell fraction into 4 groups of phosphorus , 
compounds: the acid-soluble compounds, 
phospholipids, nucleic acids, and protein resi- 


-due.. 4. The mitochondria and nuclei took up 


P32 rapidly, whereas the microsomes incor- 
porated relatively little P32, and much more 
slowly. Characteristically different patterns 
of P32 uptake were also noted for the various 
chemical fractions. A brief interpretation of 
the findings is given. 5. Additional data are 
given for the dry weight, phosphorus and ni- 
trogen content of the cellular fractions from 
whole rat livers. 
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Virulence Enhancement of Candida albicans by Antibiotics and 


Cortisone. (20488) 


ERICH SELIGMANN. 


(Introduced by W. Antopol.) 


From the Division of Laboratories, Beth Israel Hospital, New York and the Joseph and Helen 
Yeamans Levy Foundation. 


It was previously reported that the intra- 
peritoneal injection of a non-pathogenic strain 
of Candida albicans produces a rapidly fatal 
disseminated infection if aureomycin is ad- 
ministered simultaneously by the same route 
(1). That this effect was not due to this 
special strain of Candida is evident from the 
fact that similar results were obtained with 
9 other strains of Candida, 2 isolated from 
the oral cavity, 4 from urine, and 3 from stool 
of patients. With the exception of minor 
quantitative differences, the results with these 
strains were similar to those reported in the 
original communication. The death ratio 
varied from 60-100%; with an average of 
76.6% (83 deaths among 107 mice). None 
of these strains alone was capable of causing 
death of the mice without concomitant intra- 
peritoneal administration of aureomycin. 

Routes of administration of aureomycin and 
fungus. When the drug was administered 
orally (2 mg aureomycin in 0.2 cc saline), and 
the fungus was given per os, subcutaneously 
or intraperitoneally, no death occurred; after 
the subcutaneous injection of aureomycin and 
oral or intraperitoneal infection, no deaths 
occurred; when the drug and fungus were 
mixed and given subcutaneously 2 out of 
10 animals succumbed; after the intraperi- 
toneal injection of aureomycin, oral and sub- 
cutaneous infection proved harmless. How- 
ever, a mixture of drug and fungus adminis- 
tered intraperitoneally invariably proved fatal 
(Table I). 


TABLE I. Various Routes of Drug and Fungus 


Administration. 
Infection 
Application with Results with——_, 
of drug Candida Aureomycin Terramycin 
.{ Per os 0/10 0/10 
Per os Subeut. 0/10 0/10 
Intraper. 0/9 0/10 
{ Per os 0/10 1/10 
Subcut. 4 Subeut. 2/10 4/10 
_ { Intraper. 1/10 4/10 
{ Per os 0/10 1/10 
Intraper. { Subcut. 1/10 2/10 
{| Intraper. 10/10 10/10 


Legend: Doses of aureomycin, 2 mg in 0.2 ml; 
of terramycin, 3.3 mg in 0.2 ml. Doses of Candida 
albicans, 0.2 ml of an emulsion of packed cells in 
2.5 ml saline (320 million living cells). 

Numerator = Mice dead within 14 days of ob- 
servation. Denominator = Total No. of mice. 


All of 6 mice survived the intravenous ad- 
ministration of 1 mg aureomycin in 0.1 ml 
saline; 21 of 30 mice succumbed after the 
intravenous administration of 30, 40, or 80 
million Candida cells in 0.1 ml saline, but 
only 5 of 21 mice succumbed when the same 
number of Candida cells were suspended in 
0.1 ml (1.0 mg) of aureomycin. It is evi- 
dent that intravenously introduced Candida 
albicans is pathogenic for mice and that the 
pathogenic effect of the fungus is remarkably 
reduced when combined with aureomycin. 
These results contrast with all other combina- 
tions of routes of administration. 


Tests with other antibiotics. In another 
series of experiments other antibiotics were 
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employed in place of aureomycin. The test 
(simultaneous injection of Candida and the 
antibiotic intraperitoneally) was performed 
with penicillin G (up to 10,000 units in 0.2 
ml saline), streptomycin (10 mg), bacitracin 
(up to 200 units), and chloromycetin (up to 
5 mg in 0.2 ml solution) in propylenglycol, 
50% acetamide or 50% N,N-dimethylaceta- 
mide. The aureomycin results were not dupli- 
cated. Some animals succumbed in the course 
of the experiment, but most of the deaths were 
late occurring from 7 to 14 days after treat- 
ment. These findings could not be compared 
with the immediate action of aureomycin. Of 
54 mice treated with the various antibiotics 
18 died, 12 in this belated fashion. The re- 
covery of Candida from the organs of several 
of these cases indicates that some interaction 
between drugs and fungus may have taken 
place. In control experiments 12 mice re- 
ceived 0.2 ml Candida emulsion intraperi- 
toneally and no drug. The animals were 
sacrificed after 1, 5, 9, 10, and 14 days. 
Cultures from kidneys were all negative for 
Candida. The yeast cells obviously were ex- 
creted under these “normal” conditions with 
no permanent damage to the renal tissue. 


Terramycin* was the only antibiotic that 
simulated the action of aureomycin. A dose 
of 2 mg was insufficient to produce constant 
results; but amounts of 3.3 or 5 mg in 0.2 ml 
saline solution were fully as effective as aureo- 
mycin. The technic previously described (1) 
was employed. With intraperitoneal injection 
of terramycin-Candida mixture, 26 out of 27 
experimental animals died within 24-48 hours 
with a dose of 5 mg terramycin, and 19 out 
of 23 died when 3.3 mg terramycin was used. 
The terramycin solutions in these tests were 
standing from one to 3 days after prepara- 
tion. No difference was found with freshly 
prepared solutions as compared with 3-day- 
old solutions, indicating a stability of the 


* Crystalline Terramycin ‘hydrochloride intraven- 
ous was used. It is a yellow powder in mixture 
with sodium glycinate which, according to the C., 
Pfizer and Co. statement, retains its antibiotic po- 
tency for at least 12 months at room temperature. 
It is readily soluble in water and saline solution: 
this solution is undiminished in antibiotic activity 
after storage in the refrigerator for at least 3 days. 
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virulence enhancing factor which corresponds 
to the antibiotic stability(2,3). This contrasts 
with aureomycin which is much less stable 
when assayed for antibiotic activity as well 
as in the drug-fungus test; on standing the 
virulence enhancing and antibiotic capacities 
of aureomycin were lost after 1 or 2 days. 
Boiling, which destroys both these qualities 
of aureomycin, does not alter these same 
effects of terramycin. All of 31 animals suc- 
cumbed after receiving boiled terramycin 
mixed with fungus. Numerous subcultures 
on Sabouraud’s agar were made from the heart 
blood and from the kidneys of dead mice., 
Candida was recovered in 26 out of 27 kidney 
cultures and in 13 out of 22 heart blood cul- 
tures, indicating that a generalization of the 
monilia infection had taken place within the 
body of the antibiotic treated animals. Fre- 
quently grossly visible abscesses were ob- 
served in the kidneys. 


Various routes of drug and fungus applica- 
tion. The various routes of administration of 
terramycin and Candida albicans in mice 
were tested as described for aureomycin in 
this communication. Terramycin appears to 
be slightly more active than aureomycin, as 
can be seen from Table I, but the overall re- 
sults with both antibiotics are essentially 
alike: early death when drug and fungus are 
given intraperitoneally, and none or little 
action under other conditions (Table I). 
Intravenous injection. Results simulate those 
observed with aureomycin. Of 10 animals 
injected with 80 million yeast cells in 0.1 ml 
saline, one survived. Of 10 mice injected with 
0.1 ml (1.7 mg) terramycin solution, 9 sur- 
vived. Of 10 mice receiving 80 million 
Candida cells in terramycin (1.7 mg) 3 sur- 
vived. The time factor in the occurrence of 
deaths may be seen from Table II. Thus 
terramycin as well as aureomycin reduce the 
pathogenicity of Candida on intravenous in- 
jection of the drug-fungus mixture, in contrast 
to all other forms of application. 

Cortisone. It has been reported that this 
steroid exerts a definite influence on induced 
infection in mice, whether the infecting agent 
be either bacteria(4) or viruses(5). Dormant 
infections became manifest or sublethal doses 
developed fatal effects(6). Since these ob- 
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TABLE II. Result of Intravenous Injections. 


No.of i Surviving .... days after 
Material injected mice TAQ 8 AT STC Wine See Oa eae ee meee 
0.1 ml Candida emulsion 10 (eee emia bey adue dolls ya —- 
(80 million cells) 
0.1 ml terramycin solu- 10 10°20 (EO. 10° LO TO SSO tO 0 OR oe ena 
tion (1.7 mg) 
0.1 ml terramycin- 10 ST. “OANE6e baer em Ome) ei een te 


Candida mixture 


servations are paralleled by our results with 
antibiotics and Candida albicans, similar ex- 
periments were set up with cortisone and 
Candida infection. 

Intraperitoneal injection of Candida emul- 
sion in cortisone (2.5 mg) as used in the anti- 
biotic tests proved harmless; none of 7 treated 
mice became sick. When 5 mg cortisone was 
given subcutaneously and the fungus intra- 
peritoneally at the same time, 3 out of 10 
animals died. The kidneys of all 3 yielded 
Candida albicans cultures, one heart blood 
culture also was positive. In further experi- 
ments 2.5 mg cortisone was given subcutane- 
ously 2 hours before fungus infection (2.5 
mg intraperitoneally) and 2 hours after the 
infection, with striking results: 21 of 22 ani- 
mals succumbed in the course of the 2 weeks 
following treatment. On autopsy numerous 
abscesses were found in all the internal organs, 
particularly liver, spleen, omentum, and kid- 
neys. The latter organ was most heavily in- 
fected, being studded with numerous small 
abscesses. In 19 of the 21 cases Candida 
albicans was recovered from the kidneys, in 
14 from heart blood. 

Discussion. Previous experiments demon- 
strating virulence enhancing qualities of au- 
reomycin on Candida were continued and ex- 
panded. Nine more strains of Candida albi- 
cans isolated from human sources reacted 
with aureomycin in the same manner as the 
original strain. Of the other antibiotics tested 
in the drug-fungus combination, only terra- 
mycin gave similar results. The similarity of 
action of the 2 drugs in growth inhibition and 
growth promotion in animals is well known 
(7). Their chemical structure, although dif- 
ferent in details, shows a similar basic struc- 
ture(8). 

Virulence enhancing capacity of terramycin 


closely parallels its antibiotic activities. In 
contrast to the more labile aureomycin, terra- 
mycin is more stable and the virulence en- 
hancing and antibiotic activity is retained 
after standing or boiling. Various routes of 
administration of drug and fungus produce 
similar results with both antibiotics. In both 
the intravenous route of drug-fungus injection 
did not lead to virulence enhancement, but on 
the contrary had some antifungal effect. 

That cortisone lowers resistance in mice has 
been described repeatedly. This steroid, 
therefore, was tested in Candida albicans in- 
fected mice. When given subcutaneously in 
large amounts (2.5 mg) before and after i-p. 
fungus infection, death resulted regularly. A 
less rapidly fatal infection developed due to 
the invasion of the blood stream, with widely 
disseminated abscesses, particularly in the 
kidneys. Candida albicans was regularly 
found in pure culture from kidneys and fre- 
quently from the heart of the dead mice. 
Material taken from abscesses in spleen and 
liver likewise contained Candida organisms 
only. No gram positive rods (Corynebac- 
terium) or gram negative organisms (salmon- 
ella) nor staphylococci were found in any of 
these organs. 

In this and in the preceding communica- 
tion(1) the term “virulence enhancement” 
has been used to indicate the increased mor- 
bidity and mortality. Perhaps this is a mis- 
nomer since virulence is not always a single 
quality, but represents the result of the ag- 
gressive forces of the infecting agent and the 
defensive power of the infected host. There- 
fore, enhancement of virulence may be condi- 
tioned by increased aggressiveness of the 
fungus or by modified resistance of the mouse. 
From the findings herein described it appears 
that aureomycin, terramycin, and cortisone 
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lower resistance of the mouse to infection. 
The same holds true for the action of mucin 
(9). No evidence could be found indicating a 
direct influence of the antibiotics on the fun- 
gus either in vitro or in vivo, pointing to a 
modification of the host’s cell. 

Summary. 1. Terramycin has the same 
virulence enhancing effect on Candida albi- 
cans as aureomycin. Other antibiotics failed 
to show this effect. 2. Terramycin due to its 
stability acts after standing or boiling while 
aureomycin, which is not stable on standing 
and is heat labile, does not. This parallels 
their antibiotic activities. 3. Only the intra- 
peritoneal injection of either drug and fungus 
is effective in producing a fatal infection. All 
other routes of administration and combina- 
tion were negative. 4. Intravenous injection 
of drug and fungus indicates a protective ef- 
fect. 5. Cortisone administered shortly be- 
fore and after infection with Candida albicans 
produces a generalized fatal infection. 6. 
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Lowered resistance of the animal to infection 
is considered as the cause of “virulence en- 
hancement.” 
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Effect of Anterior Pituitary Growth Hormone on Certain 


Liver Enzymes. 


(20489 ) 


G. H. Beaton, G. Ozawa, J. R. BEATON, AND E. W. McHEnry. 
(Introduced by R. C. Parker.) 


From the Department of Public Health Nutrition, University of Toronto, Toronto, Canada. 


It has been reported(1) that growth hor- 
mone decreases the catabolism and excretion 
of amino acids rather than directly affecting 
the synthesis of body protein. In contrast, 
Russell(2) using nephrectomized rats given 
casein hydrolysate, found that the principal 
action of growth hormone is to increase amino 
acid uptake into tissues. This agrees with 
the results of Friedberg and Greenberg(3) 
who found an increased incorporation of iso- 
topic methionine into skeletal muscle follow- 
ing growth hormone administration. Bart- 
lett and Glynn(4) observed no effect of 
growth hormone on liver or renal aspartic- 
glutamic transaminase in the normal adult 
female rat though the hormone increased 
liver aspartic-glutamic transaminase in im- 
mature hypophysectomized rats. Fraenkel- 
Conrat ef al.(5) have shown that the ad- 


ministration of growth hormone to plateaued 
female rats for 8 days at a level of 3 mg per 
day resulted in decreased fasting arginase 
activity in pooled liver samples. It seemed 
advisable to study the effect of growth hor- 
mone, given in acute dosage to normal rats, 
on the activities of certain liver enzymes in- 
volved in nitrogen metabolism. 

Methods and results. Eighteen adult male 
rats of the Wistar strain which had been main- 
tained on a stock chow diet and water ad 
libitum were divided into 2 groups of com- 
parable average body weight (380 g; range 
322 to 429 g). Following a fast of 22 hours, 
one group was injected intraperitoneally with 
an anterior pituitary growth hormone prepara- 
tion (Connaught Medical Research Labora- 
tories, Lot 200) in saline (made slightly 
alkaline) at a level of 3 mg per 100 g body 
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TABLE I. Effects of Anterior Pituitary Growth Hormone on Liver Enzyme Activities in 
Adult Male Rats. 


Saline group 


Growth hormone 
group t 


Range 
Mean 
8.D. 


Range 
Mean 
S.D. 


Range 
Mean 
8.D. 


Range 
Mean 
S.D. 


Range 


Mean 
$.D. 


Onnas 


Arginase 


Aspartic-glutamic transaminase 


Alanine-glutamic transaminase 


Blood urea, mg % 


3.98-5.86 (9) 2.27-5.60 (9) 
4.99 3.77 
60 96 
78-98 (9) 67-81 (9) 3.14* 
83 74 
7 5 
133-184 (8) 115-181 (9) 
157 157 
16 23 
96-146 (8) 70-124 (9) 2.83 
120 101 
16 12 
25.6-38.0 (9) 25.0-36.8 (8) 
30.0 31.0 
3.9 3.9 


* Significant at the 1% level. 
( ) signifies No. of animals used. 


weight, the average volume injected being 
2.0 ml. The remaining group was similarly 
injected with saline (made slightly alkaline) 
on a body weight basis. Three hours follow- 
ing injections, the animals were sacrificed by 
stunning and decapitation. Blood was collected 
from each animal and heparinized for the 
determination of blood urea by the method 
of Archibald(6). Livers were quickly re- 
moved and aliquots taken for liver enzyme 
measurement. Liver urea formation was de- 
termined as the Qurea of Krebs and Henseleit 
(7), defined as the number of pl of urea-COz 
formed per mg dry tissue per hour. The pro- 
cedure of Gornall and Hunter(8) was em- 
ployed, modified in that the liver slices were 
agitated in Warburg flasks mounted on mano- 
meters instead of in small Erlenmeyer flasks. 
Liver arginase activity of homogenates was 
estimated by the method of Van Slyke and 
Archibald(9) as adapted to liver tissue by 
Liener and Schultze(10). Arginase activities 
were expressed as pmol urea formed per 100 
mg wet tissue per hour. Activity of the 
aspartic-glutamic transaminase in liver homo- 
genates was measured by the method of 
Tonhazy e¢ al.(11). Activity of the alanine- 
glutamic transaminase in liver homogenates 
was estimated by substituting dl-alanine for 
dl-aspartate and omitting the aniline citrate 
step thus allowing direct measurement of the 
pyruvate formed(12). Transaminase activi- 


t Significant at the 5% level. 


ties are expressed as Qy’°, defined as the pl 
pyruvate-CO. formed per mg wet tissue per 
hour. The results of these analyses are shown 
in Table I. A “t” test was used to ascertain 
statistical significance. 

A further study was carried out in the 
same manner employing young male rats 
(107-135 g) with 5 animals in each group. 
The results of this study are shown in Table 
II and a “‘t” test was applied to ascertain sta- 
tistical significance. 

Discussion. The significant depression in 
liver arginase activity and in the rate of urea 
formation by liver slices, as a consequence 
of growth hormone administration, agree with 
a hypothesis that the hormone acts in part 
at least in suppressing amino acid catabolism. 
These findings offer direct evidence of the 
mechanism involved in the decreased appear- 
ance of blood urea following casein hydroly- 
sate administration in growth hormone-treated, 
nephrectomized rats(2). The lowered alanine- 
glutamic transaminase activity observed in 
the growth hormone-treated rats suggests that 
this transaminase may be directly related to 
amino acid catabolism though further studies 
are necessary to verify such a hypothesis. 
Caldwell and McHenry(12) have reported 
that the aspartic-glutamic transaminase is less 
sensitive to basal diet changes than is the 
alanine-glutamic transaminase. This lowered 
sensitivity may explain the absence of an 
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TABLE II. Effects of Anterior Pituitary Growth Hormone on Liver Enzyme Activities in 
Young Male Rats. 


OOOO 


Growth hormone 


Saline group group peat 

Oires Range .84-4.46 (5) 2.30-3.16 (5) 

Mean 2.99 2.83 

S.D. 1.04 .36 
Arginase Range 64-80 (5) 65-76 (5) 

Mean 71 71 

S.D. 8 4 
Aspartic-glutamic transaminase Range 120-158 (5) 113-162 (5) 

Mean 138 131 

S.D. 16 19 
Alanine-glutamic¢ transaminase Range 47-77 (5) 69-117 (5) 3.20* 

Mean 60 90 

8.D. 14 20 

Blood urea, mg % Range 22.0-36.4 (5) 18.2-32.6 (5) 

Mean 27.2 25.2 

8.D. 6.2 5.3 


* Significant at the 5% level. 
( ) signifies No. of animals used. 


effect of growth hormone on aspartic-glutamic 
transaminase. 


Adult male rats were employed in the study 
reported and a second similar study, in which 
liver arginase activity was measured, con- 
firmed the observation that growth hormone 
significantly depresses the liver arginase ac- 
tivity in adult male rats when determined on 
an individual basis. In a third study employ- 
ing young male rats (107-135 g), treatment 
with growth hormone in the same manner as 
described caused no significant alteration in 
the rate of urea formation by liver slices, in 
aspartic-glutamic transaminase activity, or in 
liver arginase activity but caused a significant 
increase in alanine-glutamic transaminase ac- 
tivity.. These findings support the view that 
effects of growth hormone are difficult to pro- 
duce in the rapidly growing rat(13) and the 
effect of the hormone on liver alanine-glutamic 
transaminase may be dependent on the age 
of the animal. Comparison of values obtained 
for untreated young and adult animals reveals 
that the blood urea level and the liver enzyme 
activities measured were lower in young male 
rats than in adult male rats. This might be 
a consequence of the state of rapid growth, 
and hence higher rate of protein anabolism, 
of the young rats. The lack of response to 
growth hormone administration of liver en- 
zyme activities in the young rats could con- 


ceivably be due to the fact that the livers of 
these animals were already responding maxi- 
mally to a relative excess of endogenous 
growth hormone. In none of the experiments 
did growth hormone significantly alter the 
level of blood urea. 


Summary. In the adult male rat, an acute 
dosage of anterior pituitary growth hormone 
caused significant depressions in the rate of 
urea formation by liver slices, in liver arginase 
activity, and in liver alanine-glutamic trans- 
aminase activity but did not alter liver aspar- 
tic-glutamic transaminase activity. None of 
these effects were observed in young male rats, 
and in such animals, a significant elevation in 
liver alanine-glutamic transaminase activity 
was noted. 


This study was facilitated greatly by a Public 
Health Research Grant from the Department of 
National Health and Welfare. The supply of growth 
hormone was made available without charge by 
the National Research Council of Canada. 
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Inactivation of Antidiuretic Hormone by Blood Serum of the 


Pregnant Woman.* (20490) 


H. Croxatto, C. VERA, AND L. BARNAFI. 


From the Laboratorio de Fisiologia, Universidad Catoélica de Santiago, Chile. 


It is assumed that the secretion of minimum 
amounts of antidiuretic hormone (vasopres- 
sin) by the hypophysis is sufficient to insure 
a normal reabsorption of water by the kidney. 
This amount corresponds to 1 to 5 mU per 
hour in the dog(1-3) and a similar amount 
in man(4,5). Furthermore, blood plasma 
and tissues contain enzymes that inactivate 
vasopressin and oxytocin(6-10). The oxy- 
tocin-inactivating ability increases consider- 
ably in the blood serum during pregnancy 
(11). An increase of 1000 times was observed 
by Page(12) from the time of conception to 
the ninth month of pregnancy. Similar obser- 
vations were recorded by Croxatto(13) for 
the pressor effects of vasopressin. 

No systematic study of the inactivation of 
the antidiuretic properties of vasopressin in 
pregnancy has been undertaken. Aside from 
the physiological importance of such study, 
it is of interest because of the difference in 
stability of the antidiuretic and pressor effects 
of vasopressin im vitro. The antidiuretic ac- 
tivity appears to be more resistant to changes 
in pH (Heller(14)). Ralli(15) using sodium 
thioglycollate, and Almeyda(16) and Crox- 
atto(17) with thiosorbitol have shown that 
the pressor activity disappears completely or 
almost completely, whereas the antidiuretic 
activity is not affected. The present com- 
munication deals with the determination of 
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the ability of blood serum from non-pregnant, 
pregnant and postpartum women to inactivate 
the antidiuretic effects of vasopressin. 

Methods. Recently obtained blood serum, 
kept at a temperature of —5° was used 
throughout. A vasopressin preparationt con- 
taining 10 U per ml was added to the 
serum and the conveniently diluted mixture 
adjusted to pH 7.3 and incubated at 37°. 
The time of incubation varied from 30 to 
300 minutes for the serum of pregnant women 
and from 1 to 24 hours for the non-pregnant. 
At the end of incubation, 1 ml of the solution 
per 100 g of body weight was injected intra- 
peritoneally into 4 hyperhydrated rats follow- 
ing the technique of Burn(18). The inactiva- 
tion of the antidiuretic hormone by the serum 
was measured by the effect on diuresis of the 
incubated material. Controls were run on 
the hormonal preparation and the sera per se. 
With injections of 0.1 to 0.2 ml of serum per 
100 g body weight of the rat, the effect on di- 
uresis was negligible and could be disregarded. 
A higher dose of serum produced antidiuretic 
effects (Croxatto and coworkers) (19,20). The 
same solutions assayed in rats were tested on 
the blood pressure of anesthetized cats, by 
injection into the femoral vein in small doses 
and at relatively long intervals, to determine 
whether or not the loss of pressor activity of 
the substrate paralleled the loss of antidiuretic 
activity. 
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The “‘antidiuretasic activity” of the sera of 
pregnant women at half and full term was 
determined by measuring the time required 
for the destruction of 50% of the antidiuretic 
potency of the added hormone. The “anti- 
diuretasic units” were calculated applying the 


0.693 


same formula ( x 100 x dilution of the 


t 

serum) proposed by Page(21) for the caicu- 
lation of the “‘oxytocinasic units”. The time 
(t) is that required for the destruction of 
50% of the substrate and was determined by 
injecting, after different intervals of incuba- 
tion, a mixture of serum and vasopressin into 
properly prepared rats. 

The results obtained with blood sera of 50 
pregnant women indicate that in the course 
of pregnancy there is a progressive increase 
in the enzymatic activity responsible for the 
destruction of the antidiuretic properties of 
vasopressin (Fig. 1). In the last week of 
pregnancy 0.1 ml of blood serum destroys 300 
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FIG. 1. Average percentages of urine yolume ex- 
creted by 4 groups of 36 rats each, as related to 
amount of water administered by stomach tube 
(5% of body wt, Burn test) (18). Injected (intrap. 
per 100 g body wt) at: A. 1 ml of vasopressin 
solution containing 62.5 mU. B. 1 ml of vasopres- 
sin solution (62.5 mU) after 240 min. incubation 
with 0.01 ml of blood serum of non-pregnant 
woman. C. 1 ml of vasopressin solution (62.5 mU) 
after 240 min. incubation with 0.01 ml of blood 
serum from 9th month of pregnancy. D. 1 ml of 
0.9% NaCl. Figures on the curves indicate stand. 
dev. of the.averages (D.8.) at 60 and 120 min. 
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FIG. 2. Percentage of urine volume excreted by 4 
groups, each of 4 rats, as related to amount of 
water administered by stomach tube (Burn test) 
(18). Intraperitoneal injection per 100 g of body 
wt at: A. 1 ml of vasopressin solution containing 
62.5 mU. B. 1 ml of vasopressin solution (62.5 
mU) after 60 min. incubation with 0.01 ml of blood 
serum (9th month of pregnancy). C. 1 ml same as 
B, incubated with 0.1 ml of blood serum of non- 
pregnant woman. D. 1 ml 0.9% NaCl. 
Upper part of the figure represents the variations 
of arterial pressure registered at the carotid of a 
cat under ‘‘Dial’’ anesthesia. Injected in the fe- 
moral vein with: A. 1 ml of vasopressin solution 
containing 125 mU. A.’ 1 ml of vasopressin solu- 
tion containing 90 mU; A.” 1 ml of vasopressin 
solution containing 60 mU; A.’” 1 ml of vasopres- 
sin solution containing 30 mU. B. 125 mU of vaso- 
pressin after 60 min. incubation with 0.02 ml of 
blood serum (9th month of pregnancy). C. 125 
mU of vasopressin after 60 min. incubation with 
0.02 ml of blood serum of non-pregnant woman. 


to 350 mU of vasopressin in the course of 
40 to 50 minutes, whereas the same amount of 
blood serum of a nonpregnant woman inacti- 
vates only 30 to 35 mU in 960 minutes. 

The blood serum of women at half term 
showed from 16 to 20 U and that of women 
at term (9th month) 150 to 170 U of “‘anti- 
diuretasic activity”, calculated with the form- 
ula of Page. These values are similar to the 
ones obtained by Page, 15 U and 100 U re- 
spectively, for the ‘“oxytocinasic activity”. 

The ‘‘antidiuretasic activity” rapidly de- 
creases in the post-partum period and reaches 
the values preceding pregnancy 5 or 6 days 
after delivery. 

The pressor activity, as determined by 
measuring arterial pressure in cats, (Fig. 2) 
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is destroyed by blood sera at the same rate 
as the antidiuretic activity. 


These observations lead to the assumption 
that the same enzyme is involved in the inac- 
tivation of both hormones, oxytocin and vaso- 
pressin. The large and progressive increase 
in the capacity to inactivate the antidiuretic 
property of the hormone during pregnancy, 
poses the question of why, as pregnancy 
progresses, there is no development of diabetes 
insipidus. This could be due to a large 
increase in the production of hormone by the 
hypophysis, thus compensating for the greater 
inactivating capacity of the blood serum or to 
the gradual development of another compen- 
satory mechanism, as yet unknown, that 
would make unnecessary the action of the 
hormone. It is also possible that the fetus or 
the placenta produce large amounts of anti- 
diuretic substances. The increase in “anti- 
diuretasic activity’ would be a regulatory 
mechanism to eliminate the excessive anti- 
diuretic activity. 

A more active autolysis of plasma proteins 
during pregnancy, would explain the larger 
liberation of antidiuretic substances similar to 
the hormone. It is known that hydrolysis of 
hypertensinogen and other proteins of plasma 
with pepsin produces considerable amounts 
of antidiuretic and oxytocic substances (Crox- 
atto and coworkers(22)). 


Summary. The “antidiuretasic activity” 
(activity responsible for the destruction of the 
antidiuretic properties of vasopressin) of the 
blood sera increases progressively in the course 
of pregnancy. In the last week of pregnancy 
0.1 ml of blood serum destroys 300 to 350 
mU of vasopressin in 40 to 50 minutes, where- 
as in the nonpregnant woman it inactivates 
only 30 to 35 mU in 960 minutes. The “anti- 
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diuretasic activity” rapidly decreases in the 
post-partum period and reaches the values pre- 
ceding pregnancy after 5 or 6 days of de- 
livery. 
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Inhibition of Cytopathogenic Effect of Poliomyelitis Viruses in Tissue 


Culture by Antibiotic M-8450. 


Rosert N. Hutt AND JANET M. LAVELLE. 


(20491) 


(Introduced by H. M. Powell.) 


From the Lilly Research Laboratories, Indianapolis, Ind. 


The chemoprophylactic effect of a mold fil- 
trate designated M-8450 against MM and 
Semliki Forest viruses in white mice has been 
described by Powell e¢ al.(1). Parenteral ad- 
ministration of M-8450, 24 hours prior to 
infection protected the mice against approxi- 
mately 100 LD; 9 of MM virus. Shope(2) 
has reported similar data obtained from mice 
infected with Columbia SK encephalomyelitis 
virus treated with a mold preparation indenti- 
fied as helenine. Powell and Culbertson(3) 
reported the inhibition in mice of a type II 
poliomyelitis virus, MEF1, by antibiotic M- 
8450. 

Since types I and III poliomyelitis viruses 
do not readily infect mice or other small 
. laboratory animals, an evaluation of M-8450 
against these types had to made in other 
ways. Tissue culture appeared to be one 
possibility. Demonstration of protection in 
monkeys, however, would be most desirable. 
The following is a report of the methods and 
results of preliminary studies of the inhibitory 
action of this mold filtrate on examples of the 
3 immunological types of poliomyelitis virus 
grown in tissue culture. 

Materials. Tissue cultures. Plasma clot 
roller tube cultures of the type described pre- 
viously(4) were employed with testicular tis- 
sue from immature cynomolgus or rhesus mon- 
keys. Approximately 6 explants/tube were 
used and were fed a medium of 30% horse 
serum (HS), 20% chick embryo extract 
(EE50), and 50% Earle’s salt solution (BSS). 
100 units each of penicillin and streptomycin 
per ml were included in this medium. The 
cultures were incubated at 37.5°C for 7 to 
14 days until sufficient outgrowth had oc- 
curred to make them satisfactory for virus 
growth. At the time of virus inoculation the 
medium was altered to one of 30% HS, 
30% serum ultrafiltrate (OX) (SUF), 5% 
EE;o9, or an ultrafiltrate of EEs5o, and 35% 
BSS. 

Viruses..Two Type 1 viruses labeled Duffy 


and 787, and a type 3, Leon, were very kindly 
supplied to us by Dr. John F. Enders, The 
Children’s Hospital, Boston. A cytopatho- 
genic Type 2 strain, YSK, was obtained 
through the courtesy of Dr. Jerome T. Syver- 
ton, University of Minnesota. These viruses 
have been maintained in our laboratory 
through tissue culture passages and occasion- | 
ally retyped with specific antisera to check 
their immunological type identity. The in- 
ocula in all experiments referred to in this 
paper have been 0.1 ml of the undiluted tissue 
culture fluid of a previous virus passage. 
Periodic titrations of these fluids have shown 
the virus titers to be of the order of 10° to 
10-% ID50’s/0.1 ml of the fluid. 

Antibiotic M-8450. This material.was in 
the form of a crude broth which had been 
harvested aseptically and to which no pre- 
servative had been added. No toxicity of 
the antibiotic was evident at the levels studied. 
The activity of each lot employed was de- 
termined by assay in mice against MM virus. 

Methods. The procedure generally followed 
was as follows: the old culture medium is re- 
moved, the M-8450 is applied directly to the 
cells for a 10 minute period, 1.0 ml of new 
medium (on occasion the old medium was 
returned) is added, the cultures are incubated 
for 24 hours, the medium is again withdrawn, 
virus inoculation is made directly onto the 
cells, and the medium is replaced. The M- 
8450 was also added just 10 minutes before 
virus and simultaneously with it in some ex- 
periments. The dose of M-8450 in these 
experiments was 0.1 ml of a 1:10 dilution. 
Another technic of treatment also employed 
consisted of removing the old medium, satur- 
ating the cells with 1.0 ml of the M-8450, in- 
cubating for 4 hours on the roller tube appara- 
tus, removing the M-8450, inoculating virus 
and adding new medium. 

Results. In these preliminary tissue culture 
studies of the antiviral activity of antibiotic 
M-8450, it has been demonstrated that this 
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TABLE I. Effect of M-8450 on Virus Growth. 
De, eee — ee 


Results of 
i irus 1 i th day sub- 
Culture Virus Results, days after virus inoculation———_,__5t y 

No. : type Treatment 4th 5th* t 6th 7th 8th* 11th 12th cultures, days 
T-42 I Virus controls ++-+-+ 3 l ere se 
T-43 787 ++-+-+4 $ : 
T-46 24 hr pre-treated 0 0 0 0 0 0 0 
T-47 with 8450 0 0 lost : SEG 
T-49 0 0 0 0 0 0 0 | 
Taié: oT’. | Virus controls. Goose aS epee priena S 
baal YSK =f arcs Sea 5 
T-26 24 hr pre-treated 0 0 0 0 0 0 0 | 
T-29 with 8450 0 0 0 0 0 0 0 } 0 14 
T-33 0) 0 0 0 0 0 OF} 
7-34 III Viruscontrols 4++++ t We. 
T-36 Leon +++ it i os 
T-37 24 hr pre-treated 0 0 0 0 0 0 ue) 
T-40 with 8450 0 0 0 0 0 0 OF es 
T-41 0 0 0 0 0 0 0 | 


* Culture medium changed, 10-fold dilution made of original drug and virus. 


t All 6 groups subcultured. 
t Discarded. 


++-+-+ =complete cell damage; 0 =no damage. 


mold filtrate will protect monkey testicular 
cells growing in tissue culture from the de- 
structive action of all of the samples of the 
3 immunological types of poliomyelitis viruses 
employed. Like the previous reports by 
Powell et al., the M-8450 again was found to 
be most active when the cells were treated 
- with it before the introduction of virus. In- 
cubation of mixtures of M-8450 and virus for 
24 hours prior to inoculating cultures caused 
no inhibition of viral activity in the culture. 
One-tenth ml of a 1:10 dilution of M-8450 
placed on the cells, as described above, 24 
hours before inoculation with approximately 
100,000 IDs (titered) of a Type 1 virus 
(Duffy) almost completely protected the cells 
against virus damage. The untreated con- 
trols were completely destroyed after 3 days 
incubation. When the M-8450 was adminis- 
tered just 10 minutes before virus inoculation, 
or simultaneously with it, no protection was 
afforded. Similar observations were made em- 
ploying Type 2 (YSK), and Type 3 (Leon) 
viruses, with the exception that complete pro- 
tection was obtained against these viruses fol- 
lowing 24 hour pretreatment. Repetitions of 
the experiment with Type 1 virus have also 
demonstrated complete protection of the cells 
against this type. Pretreatment of cells with 


the uninoculated mold culture broth produces 
no such antiviral effect. 

The second method of study mentioned 
above involving saturation of the cells with 
1.0 ml of the M-8450 was also found to afford 
protection against a Type 1 virus (787) in 
some experiments. This treatment rendered 
the cells completely refractory to the virus 
while untreated controls were completely de- 
stroyed in 3 days. A similar experiment done 
at another time employing the Type 3 (Leon) 
virus failed to demonstrate protection of the 
cells. This finding with the Leon virus has 
not been reexamined nor explained at this 
time, but further testing is planned. 

In more recent studies the protective effect 
of the antibiotic has been demonstrated upon 
addition of 0.1 ml of a 1:10 dilution to the 
tissue culture medium 24 hours before virus 
inoculation. Thus the 10 minute period dur- 
ing which the cells were directly exposed to 
the M-8450 alone before culture medium was 
added has been eliminated. Further study of 
the value of this 10 minute period of direct. 
treatment to the cells has revealed that re- 
moving the M-8450 and rinsing the cells with 
BSS before addition of medium, and 24 
hours incubation prior to virus inoculation, 
does not leave the cells protected against virus 
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damage. The data reported in this paper, 
however, were obtained from studies in which 
the 10 minute period of direct treatment had 
been employed without subsequent removal of 
the M-8450 or rinsing of the cells. 


Table I illustrates the data obtained from 
a typical experiment employing all 3 types of 
virus and the 24 hour pretreatment schedule 
of M-8450. As can be seen, the 787 and 
Leon virus controls were destroyed in 4 days, 
while the M-8450 treated cultures inoculated 
with these viruses revealed no evidence of 
virus destruction during the 12 day observa- 
tion period. Destruction of cells by YSK 
virus was slower than desired, indicating less 
virus to be present than in the 787 and Leon 
controls. The M-8450 treated cultures chal- 
lenged with the YSK virus again failed to 
exhibit virus cytopathology throughout the 
course of the experiment. The subcultures 
from each of the virus controls were destroyed 
in the usual time proving the presence of 
- virus in these damaged cultures. The sub- 
cultures from the treated cultures in the 787 
and Leon series also were destroyed, but the 
time required was almost twice as long as 
with their respective controls. The virus 
demonstrated to be present in the treated 
and undamaged cultures probably represented 
a part of the inoculum, as similar observations 
have been noted when attempts were made to 
culture poliomyelitis viruses in cell types not 
suitable for their growth, e.g., chick embryo 
cells. The failure to recover the YSK virus 
from the treated cultures in this experiment 
may have been due to a smaller content of 
virus in the original inoculum. As mentioned 
in the section on materials, our virus stocks 
have frequently been rechecked for their im- 
munological type specificity. Such examina- 
tions made with specific antisera before and 
after these studies have indicated that each 
strain of virus has maintained its type speci- 
ficity as labeled in Table I. The observation 
that YSK infected mice produced typical 
symptoms provided additional evidence of the 
identity of this virus, whereas 787, Duffy and 
Leon viruses failed to infect the mice. The 
Duffy has produced paralysis in monkeys 
within 4 days. Neither the 787 nor Leon 
viruses have been studied in monkeys. 


789 


Discussion. The results obtained in these 
studies show quite clearly that exposure of 
monkey testicular cells in tissue culture to 
relatively small amounts of antibiotic M-8450, 
24 hours before inoculation with any of the 
samples of the 3 immunological types of polio- 
myelitis viruses causes the cells to become re- 
fractory to virus infection. This finding agrees 
very well with the previous observations of 
in vivo tests in mice against various neuro- 
tropic viruses. That the antibiotic exerts its 
effect on the cells, rather than the virus, is 
indicated both by the fact that pretreatment 
of the cells is necessary to demonstrate the » 
protection whereas pretreatment of the virus 
has no such effect, and by the observation that 
viable virus can be demonstrated in the un- 
damaged, treated cultures as long as 5 days 
after inoculation. In the mouse, efforts to re- 
cover virus (MM) from treated animals have 
failed, but it is likely that the intact animal 
is capable of eliminating the non-infecting 
virus by several routes. In the culture these 
mechanisms for elimination are not present, 
and since poliomyelitis viruses are stable, the 
inoculum will survive even though no repro- 
duction occurs. Thus the M-8450 appears to 
have no neutralizing effect on the virus itself 
under the conditions studied in tissue cultures. 


The explanation of the mechanism of the 
action of antibiotic M-8450 is an intriguing 
question and one which is under consideration. 
Evidence now available points to the proba- 
bility that the mode of action may be one of 
interrupting or preventing some stage of intra- 
cellular multiplication of virus. An effect on 
virus attachment to the cell is not precluded; 
however, the need for a period of pretreatment 
decreases the attractiveness of such an ex- 
planation. Study of the mechanism of action 
may lead to an insight into the processes oc- 
curring during virus reproduction. Such in- 
formation might in the’long run be of more 
value to the whole problem of poliomyelitis 
infection than any immediate significance of 
antibiotic M-8450 as a possible treatment for 
this disease. 


Summary. Pretreatment of tissue cultured 
monkey testicular cells with antibiotic M-8450 
inhibits the cytopathogenic effect of all 3 im- 
munological types of poliomyelitis virus 
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tested, but does not destroy or neutralize the 
viruses. 
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Effect of Adrenocorticotropic Hormone on Pneumococcal 


Infections in ‘Rabbits. 
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(Introduced by Hans Molitor.) 


From the Merck Institute for Therapeutic Research, Rahway, N. J. 


Many investigators have reported on the 
effects of large doses of cortisone and Com- 
pound F on the resistance of various animal 
species to a variety of infections(1-20). 
Shwartzman(21) has shown that adrenocor- 
ticotropic hormone (ACTH) and cortisone in 
combination, or cortisone alone, produced a 
marked acceleration of poliomyelitis infection 
in mice and an enhancement in the suscepti- 
bility of hamsters to this infection. He has 
reported, however, that ACTH alone failed to 
produce this effect and hence has postulated 
that the adrenals may elaborate an unknown 
factor capable of reversing the enhancing 
effects of cortisone on infection. It seemed 
important, in view of the possible widespread 
significance of these observations, to deter- 
mine if Shwartzman’s findings applied to 
other infections and to other species. The 
present report is concerned with the effect of 
ACTH on an experimental pneumococcal in- 
fection in rabbits. 

Methods. Male albino rabbits, weighing 
between 2.0 and 2.5 kg each, were infected 
intradermally with a Type I pneumococcus by 
injecting into the shaved abdominal skin 0.1 
cc of a 2 x 10% dilution of a 6-hour culture 
grown in nutrient broth containing 5% de- 
fibrinated rabbit blood. The virulence of the 
culture was such that 0.5 cc of a 10° dilution 
(1-3 organisms) was lethal for a mouse. The 
size of the skin lesion resulting from the in- 
jection of the pneumococci was measured by 
tracing the periphery of the lesion on trans- 
parent paper and the area of the skin lesion 


was subsequently obtained by retracing the 
paper outline with a planimeter. The blood 
culture studies were performed by plating 0.1 
cc of blood obtained from the marginal ear 
vein in 5% blood agar. Serial 10-fold dilu- 
tions of the blood were plated in order to 
assure accuracy in determining the number of 
bacterial cells. The plates were then incu- 
bated for 24 hours at 37°C. 


A sample of crude ACTH, equivalent to 
Armour Standard La-1-A, was given in doses 
of 0.25 mg to 2.0 mg every hour night and 
day. Treatment was initiated 18 hours before 
the bacterial injection and then continued for 
96 hours or until death of the animal. Simi- 
lar studies were repeated with a highly puri- 
fied ACTH containing 200-300 units per mg 
(22) with essentially the same results. 


Results. Survival studies. The data pre- 
sented in Table I indicate that 76% of the 
control animals survived the infection. Ani- 
mals treated with ACTH, in contrast, began 
to die within 24-48 hours after the bacterial 
injection, and only 17% of the animals re- 
ceiving ACTH survived the 10-day observa- 
tion period. These data indicate that ACTH 
is capable of decreasing the survival of rabbits 


TABLE I. Survival of Animals Treated with 
ACTH and Infected Intradermally with D. pneu- 


moniae. 
Dose ACTH in mg/hr 
Saline 25 5) 1.0 2.0 
No. of animals is 6 6 17 6 
% survival 76 ales lly/ 18 NG 
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FIG. 1. Bacteremia in rabbits treated with ACTH. 


infected with a Type I pneumococcus. Con- 
trol studies performed with the same doses of 
ACTH in non-infected animals showed that 
these quantities of the hormone were not 
lethal. Animals that received ACTH, how- 
ever, developed a marked lipemia and in some 
cases the total lipid content of the serum 
reached a value of 5 g %. Adrenal hyper- 
trophy was observed in the animals which 
received ACTH. 


Blood culture studies. The control rabbits 
developed a transient bacteremia which had 
its onset approximately 4 hours after the in- 
tradermal injection of the pneumococci and 
reached a peak at 48 hours after the injection 
(Fig. 1). The bacteremia then gradually sub- 
sided and the blood was sterile in most cases 
at the 120-hour observation period. The 
animals receiving ACTH, in contrast, de- 
veloped an early onset of sepsis and within 
24-48 hours large numbers of pneumococci 
were found in the blood. Overwhelming sepsis 
occurred, in most cases, within 72 hours. Oc- 
casionally, animals receiving ACTH died 6 
hours after the bacterial injection and numer- 
ous pneumococci were found in the blood. 

Skin lesions. There were marked differences 
in the size and character of the skin lesion 
in the control and ACTH treated animals 
(Fig. 2). In the control animals the lesion 
reached a maximal size of approximately 50 
sq cm within 48 hours. It remained essen- 
tially the same size for the next 4 or 5 days 
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and then gradually subsided over the ensuing 
15-day period. The lesions in the animals 
receiving ACTH developed very slowly and 
appeared as small flat areas with Made evi- 
dence of inflammation. 

The microscopic picture of the skin lesions 
in the 2 groups of animals offered a striking 
contrast. In the control animals, there was 
an infiltration of polymorphonuclear leuco- 
cytes at the bacterial injection site within a 
few minutes after infection was initiated, and 
these cells accumulated rapidly within the next 
few hours. Relatively few pneumococci were 
observed and they were found mainly within . 
the leucocytes in the saline treated controls. 

In the ACTH treated rabbits the inflam- 
matory reaction was markedly suppressed 
and relatively few polymorphonuclear leuco- 
cytes, and little edema fluid, were found even 
18 hours after the bacterial injection. Numer- 
ous pneumococci were observed in the tissue 
and blood vessels surrounding the injection 
site and animals frequently died of over- 
whelming infection with little evidence of 
local inflammation. 


Discussion. Under the conditions of this 
study, rabbits receiving ACTH show a low- 


CONTROLS-SALINE (ZZ) 

ACTH-025 mg/h 

ACTH-0.50mg/hr E43 

24 HOURS ACTH-!10 mg/h, C—) 
AFTER ACTH-20 mg/hr M110 


INOCULATION 


10 20 30 40 50 60 70 
AREA IN SQUARE CM 


48 HOURS 
AFTER 
INOCULATION 
10 20 30 40 50 60 70 
AREA IN SQUARE CM 
72 HOURS 
AFTER 
INOCULATION 
10 20 30 40 50 60 70 
AREA IN SQUARE CM 
FIG. 2. Skin lesion size in rabbits treated with 


ACTH. 
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ered resistance to an experimental pneumococ- 
cal infection. The basic response of the ani- 
mals receiving ACTH was essentially the same 
as that observed in rabbits treated with corti- 
sone and Compound F(23). There was a 
marked suppression in both the cortisone and 
ACTH treated animals in the rate of mobiliz- 
ation of polymorphonuclear leucocytes at the 
injection site. The suppression of the in- 
flammatory response, however, was greater 
and persisted for a longer period of time in 
animals receiving ACTH (23). Also there was 
essentially complete suppression of edema 
fluid formation under the influence of ACTH. 
It is not possible to state at this time whether 
these differences in response were related to 
variations in dosage and rate of absorption of 
the 2 materials, or to an actual difference in 
the effects of the hormones. 


The data presented in this study do not 
support the hypothesis that ACTH in the 
rabbit can cause the secretion of a factor that 
counteracts the adverse effects of cortisone on 
pneumococcal infections, as Shwartzman has 
suggested for poliomyelitis in mice and ham- 
sters(21). It is recognized that the experi- 
mental procedure used in the present study 
differed from that employed by Shwartzman, 
particularly with regard to the infectious 
agent and dosage schedules. Shwartzman’s 
studies employed poliomyelitis while the stud- 
ies reported here used a Type I pneumococcal 
infection. The ACTH was injected either 
once or 3 times a day in the studies reported 
by Shwartzman, and every hour, night and 
day, in our studies. This dosing schedule was 
undertaken in view of the findings of Ingle 
(24) that the effects of ACTH could best be 
demonstrated by maintaining constant tissue 
and blood levels. The adrenal cortices, in the 
present studies, were markedly hypertrophied 
and the hyperglycemia, lipemia, and atrophy 
of lymphoid tissue indicated a pronounced 
hyperadrenocorticism. 


Summary. ACTH, given at frequent inter- 
vals and in large doses, lowers the resistance 
of rabbits to a Type I pneumococcal infection. 
ACTH appears to suppress inflammation at 
the bacterial injection site sufficiently to per- 
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mit early and rapid invasion of the blood 
stream and surrounding tissues. 
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Study of Nine Rabies Street Virus Strains in the Syrian 
Hamster. (20493) 


REGINALD L. REAGAN, MItpRED T. STEWART, AND ARTHUR L. BRUECKNER. 


From the Virus Laboratory, Live Stock Sanitary Service, University of Maryland, College Park, Md. 


Specific inclusion bodies present in the 
central nervous systems of animals dying from 
rabies are called “Negri Bodies” (1,2). These 
are most frequently demonstrated within, but 
are revealed occasionally outside the nerve 
cells. A definite diagnosis of rabies is made 
upon demonstration of these bodies in stained 
smears. These inclusions are eosinophilic 
bodies, usually spherical, but may be of other 
shapes, and vary from 1 to 30 » in size. The 
virus structure shows basophilic granules. At 
- present the animal most frequently used for 
the diagnosis of rabies is the mouse. A posi- 
tive diagnosis is made on the development of 
symptoms of rabies in the mouse and the 
presence of Negri bodies in the mouse brain. 
- However, the Negri bodies are frequently 
small and few in number, which sometimes 
makes their detection difficult. In previous 
studies the authors found the Negri bodies 
_ present in the brains of rabies-infected ham- 
sters to be large and quite numerous, and the 
authors found in one instance, that a rabies 
specimen was so grossly contaminated with 
bacteria that all hamsters and mice inocu- 
lated intracerebrally succumbed to bacterial 
infection within the first 24 hours, whereas 
those hamsters challenged rectally were unaf- 
fected by the contaminants and came down 
several days later with rabies symptoms, and 
the brains of these hamsters contained numer- 
ous “Negri bodies’(3). The present study 
was undertaken to compare contaminated dog 
brains and brain material not contaminated 
from the same brain specimen and the effect 
in hamsters after instillation of these speci- 
mens rectally. 

Materials and methods. ‘The strains of 
rabies virus used in this study were obtained 
from Dr. I. M. Moulthrop of the Live Stock 
Sanitary Service Branch Laboratory of Salis- 
bury, Md. These strains are as follows: 
25077 (dog brain), 25148 (dog brain), 25122 
(dog brain), 25256 (dog brain), 25116 (dog 
brain), 25140 (dog brain), 25115 (dog brain), 


25108 (dog brain), 25025 (dog brain). 
These specimens had been proven positive 
for rabies at Dr. Moulthrop’s laboratory. One 
half of each brain specimen was preserved in 
glycerin and stored in a —4°C ice box and the 
other half was placed in a separate jar and 
frozen in a —40°C deep freeze storage vault 
until initiation of the present study. The > 
specimens were removed from the —40°C deep 
freeze and left at room temperature for several 
days until they ground in mortars with 
alundum and diluted to 20% suspensions with 
physiological saline. Each suspension was 
cultured in thioglycollate broth, and all were 
found to be contaminated with bacteria. The 
other half of each brain specimen was re- 
moved from the glycerin, ground in mortars 
with alundum, and also diluted to 20% sus- 
pensions with physiological saline. Each of 
these specimens was cultured in thioglycollate 
broth, and all were free from bacteria. Diag- 
nosis of rabies in hamsters and mice was made 
on the following factors: (1) virus symptoms 
present in hamsters and mice and (2) demon- 
stration of Negri bodies in the Ammon’s horn 
of the hamster and mouse brain. The presence 
of Negri bodies was determined by staining 
touch preparations of the Ammon’s horn with 
Sellers stain(4) and (3) examining the slides 


under an optical microscope. 


Seventy-two healthy female Swiss albino 
mice, age 21 days, were divided into 18 groups 
of 4 animals each. Each group from No. 1 
to No. 9 was inoculated intracerebrally with 
one of the contaminated rabies-bearing brain 
suspensions, and Group No. 10 to Group No. 
18 was inoculated intracerebrally with the 
other half of each rabies-bearing brain sus- 
pension free of bacteria. Each mouse re- 
ceived 0.03 cc. Seventy-two healthy Syrian 
hamsters, age 21 days, were divided into 18 
groups of 4 animals each. Into each group 
from No. 1 to No. 9 was administered one of 
the above contaminated virus bearing dog 
brain suspensions by rectal instillation, and 
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TABLE I. Response of Hamsters to Rabies Street 

Virus Administered Rectally from Contaminated 

Bacterial Suspensions and Bacteria Free Suspen- 

sions. Four hamsters exposed in each series. Negri 
bodies numerous in each series. 


Mintomax Type of rabies 


Group Virus incubation =,~=—————_, 
No. strain period, days Dumb Furious 
Brain contaminated with bacteria 
1 25077 
2 25148 6-8 4 
3 25122 6-7 4 
4 25256 8-16 4, 
6 25116 
6 25140 8-9 4 
if Dey ills 14-16 4 
8 25108 
9 25025 14-15 3 
Bacteria free 
10 25077 6-8 4 
11 25148 7-10 4 
12 25122 14-16 3 
13 25256 14-16 3 
14 25116 6-8 4 
155 25140 5-6 4 
16 Mpylaliss 5-6 4 
iy 25108 5-6 4 
18 25025 14-16 3 


into each group from No. 10 to No. 18 was ad- 
ministered one of the above virus bearing dog 
brain suspensions free of bacteria by rectal 
instillation. Each hamster received 0.1 cc. 
For the rectal instillation, the end of an 18- 
gauge needle was filed off, rough ends 
smoothed down, and the tip lubricated with 
vaseline before being inserted. 

Results. All Swiss albino mice inoculated 
intracerebrally with the bacteria contaminated 
specimens succumbed to bacterial infection 
within 24 hours. All Swiss albino mice inocu- 
lated intracerebrally with the bacteria-free 
suspensions showed symptoms of rabies be- 
tween 6 to 8 days. The animals were sacri- 
ficed when symptoms of rabies appeared. By 
using the Seller stain technic numerous Negri 
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bodies were found to be present in the brains 
of the infected animals. 


Fifty-six hamsters which had received the 
virus bearing brain suspension rectally from 
the contaminated and bacteria free dog brain 
suspensions showed symptoms of rabies be- 
tween the 6th and 16th days. The inoculation 
periods and the form of rabies (furious or 
dumb) for each strain from both groups are 
given in Table I. The animals were sacrificed 
when symptoms of rabies appeared. By using 
the Sellers stain technic numerous Negri 
bodies were found to be present in the brains 
of the infected animals. The hamsters that 
showed no rabies symptoms were discarded at 
the end of a 30 day observation period. 


Summary. Nine dog brains found positive 
for rabies were divided into 18 groups. One 
half of each dog brain was preserved in glycer- 
in, and the other half was contaminated with 
bacteria. The infected dog brains were in- 
stilled rectally in hamsters. All glycerinated 
specimens produced rabies in hamsters while 
only 65 of the contaminated specimens pro- 
duced rabies in hamsters. The glycerinated 
specimens injected intracerebrally in mice pro- 
duced rabies in all mice between 6 to 8 days 
while all mice inoculated with the contami- 
nated specimens succumbed within 24 hours. 
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Electrolyte and Water Responses of Normal Subjects During 
Cortisone Administration.* (20494) 


Henry J. Kowatskxt, Wititam E. REYNoLDs, AND Davin D. RuTSTEIN. ‘ 
(With the technical assistance of Mrs. Ruth I. Harris, Mrs. Joan Shoulberg, and 
Miss Mary Kascht.) 

(Introduced by Maxwell Finland.) 


From the Department of Preventive Medicine, Harvard Medical School 


During studies in which cortisone acetate 
was administered to healthy young subjects, 
estimations of Evans blue space, thiocyanate 
space, serum electrolyte concentration and 
urine electrolyte excretion were made. Such 
information, generally not available from 
studies of normal subjects, is here reported. 

Methods. Five ambulatory male medical 
students ranging in age from 22-26 years were 
studied during the intramuscular administra- 
tion of cortisone acetate in doses of 50 mg 
4 times per day for periods of 3 to 5 days. 
One subject was also observed while receiving 
_cortisone acetate orally in doses of 50 mg 
4 times per day for 4 days. 

The meals of each subject were supervised 
by a medical dietitiant who selected a fixed 
diet resembling that ordinarily consumed by 
the individual. The caloric content of these 
diets ranged from 2400-3200 calories. The 
intake of sodium chloride was fixed at the 
usual daily level for each subject and ranged 
from 9-12 g daily. Water was consumed 
ad libitum. 

Experiments were divided into 3 periods: 
Pretreatment, 4 or more days; treatment, 3 
to 5 days; and post-treatment, 5 or more days. 

All observations were made daily while the 
subjects were fasting and recumbent. 

Blood in double oxalate(1) collected daily 
at 8:00 A.M. was used for the following 
determinations in duplicate: Hematocrit 
(3,000 r.p.m. for 30 minutes); red blood cell 
count, using 2 certified pipettes (an average 
of 4 counts, 2 from each pipette) ; and hemo- 
globin by the alkaline hematin method using 


* Supported in part by grants from the National 
Heart Institute (Research Grant H-177-C2) and 
from the Lederle Laboratories Division, American 
Cyanamid Co. 

+ We are indebted to Dr. George W. Thorn for 
this service. : 


the Evelyn macrocolorimeter(2). Serum was 
analyzed for sodium and potassium using a 
flame photometer with an internal lithium 
standard(3) and for chloride(4). 

The freezing point depression(5,6) was de- 
termined by means of an electrical resistance 
thermometer (Western Electric Co., Ther- 
mistor No. 14A). The reproducibility of this 
method is demonstrated by the fact that 15 
determinations on a standard glucose solution, 
each performed on different days, showed a 
mean freezing point of —0.520°C with a 
standard error of +0.001°C. 

A daily 24-hour urine collection was ana- 
lyzed for sodium(3), potassium(3), and 
chloride(4). 

Evans blue space was determined by a 
modification(7) of the method of Gibson and 
Evans(8) using specimens of serum from 
venous blood collected at 15, 30, 45, and 60 
minutes after the injection of 10 ml of a 0.1% 
solution of the dye. Thiocyanate space was 
determined by a modification(7) of the 
method of Crandall and Anderson(9) using 
serum from blood collected at one, 2, and 3 
hours after the intravenous injection of 8 ml 
of a 10% solution of thiocyanate. Thio- 
cyanate space was not corrected for binding 
by albumin(10) since the correction for al- 
bumin in extra-vascular fluid is not feas- 
ible(11). 

Result. A. Blood and serum studies. 
(Table I). (Values in Table I are averages 
of individual means which were computed for 
each subject by period.) Erythrocyte, hemo- 
globin, and hematocrit values decreased 
slightly during drug administration, and after 
treatment they approached but did not reach 
pretreatment figures. Serum electrolyte con- 
centration and freezing point depression were 
unaltered during drug administration and in 
the post-treatment period. 
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TABLE I. Mean Erythrocyte, Hemoglobin, Hematocrit, Serum Electrolyte and Serum Freezing 
Point during Experiments with Cortisone Acetate. Mean + standard deviation of sample. 


Pre-treatment 


Post-treatment 


period Treatment period period 
R.B.C., cells/mm® 4.95 + .56* 4AT AG 4.62 + .20 
Hgb, g/100 ce OHS sot alee 14.2 41.5 144 +1.0 
3 (14.8) t (13.2) t (13.4) ¢ 
Hematocrit, % AT aD eet ae 49.5 a= 2.6 43.2 +29 
(43) (39) (41) 
Serum Na*, mEq/L 142.2 +3.4 * 139.6 +1.5 139.0 +3.4 
peas (142 (145) (148) 
Serum K+, mEq/L 4.9 + -.6 * 40 + 2 4.1 ee py 
(4.2) (3.9) (3.7) 
Serum Cl, mEq/L 107.6 +41.14* 107.2 + 2.16 107.6 +1.14 
(104.3) (105.5) (103.8) 
Serum freezing point, °C —.546 + .008* —547 + .013 —.546+ .011 


* Mean + stand. dev. during intramuscular administration. hae f 
+ Figures in parentheses are the values of subject 1 during oral administration. 


TABLE II. Urine Volume and Electrolyte Excretion during Experiments with Intramuscular 
Cortisone Acetate. 


Pre-treatment Treatment Post-treatment 
Subject period period period 
Nat, mEq/24 hr il 155 (132) * 103 (109) * 201 (221)* 
2 150 153 194 
33 158 104 Zoom 
4 i133 90 212 
5 151 Ss 140 
Mean 149 105 200 
K+, mEq/24 hr 1 71 (81) 121 (82) 3 (90) 
2 102 94 75d 
3 74 Gab 68 
4 89 96 68 
5 TAL 121 73 
Mean 86 90 Fall 
Cl, mEq/24 hr 1 140 (147) 130 (133) 207 (221) 
2 188 170 180 
3 216 158 230 
4 124 110 2277 
5 167 107 160 
Mean 167 USS 201 
Vol, e¢/24 hr ul 957 (975) 1109 (1046) 1180 (1482) 
2 988 1042 976 
3 1673 1548 2042 
4 827 984 1730 
5 2148 2230 2454 
Mean 1319 1383 1676 


* This subject was also observed after cortisone acetate orally, the results of which are tabu- 
lated in parentheses for comparison purposes only. They are not included in the means. 
Values are means of pooled data for each individual by period. 


B. Urine volume and electrolyte studies. 
(Table II) (Values are means of pooled data 
for each individual by period.) Sodium ex- 
cretion was reduced during cortisone acetate 
administration in 4 or 5 individuals, and was 
increased in the post-treatment period in all 


subjects. Chloride excretion was uniformly 
reduced during treatment and increased after 
drug administration. Potassium excretion in- 
creased in 2 of the 5 individuals during cor- 
tisone acetate administration. Urine volumes 
were unaffected by cortisone administration, 
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‘TABLE III. Evans Blue Space, Thiocyanate Space and Body Weight during Intramuscular 
Administration of Cortisone Acetate. 
PE Se ee, See a Aa re Se A a ee ee tS 


; Pre-treatment* Treatmentt Post-treatmentt 
Subject period period period 
Evans blue space, ce 1 2730 (3330) § 3240 (3530) § 3310 
2 2970 3890 3240 
3 2330 3150 
4 3860 3520 3520 
i) 3520 3680 3930 
Mean 3082 3496 3500 
Thiocyanate space, ce 1 15530 (16250) 18270 (17430) 18560 
2 17200 18770 17920 
3 14650 18700 
4 18320 21590 18790 
5 18270 19580 20600 
Mean 16794 19382 18968 
Body wt, kg 1 71.6 (70.2) 73.5 (71.6) 73% 
2 81.6 82.0 81.6 
3 73.7 73.5 
4 70.5 72.6 69.5 
5) 67.5 68.4 69.3 
Mean 73.0 74.0 73.5 


* Determined just before cortisone administration begun. 
” 


+ ” ” 


” 


last dose of cortisone. 
2-5 days after therapy was terminated. 


§ This subject was also observed after cortisone acetate orally, the results of which are tabu- 
lated in parentheses for comparison purposes only. They are not included in the means. 


although in 3 individuals there was an eleva- 
tion in the post-treatment period. Since water 
was ingested ad libitum the meaning of the 
urine volume changes is uncertain. 

C. Evans blue space, thiocyanate space, 
and body weight. (Table III). (Individual 
values are shown.) Evans blue space in- 
creased in 4 of 5 instances during the intra- 
muscular administration of cortisone acetate 
and in the subject receiving cortisone orally. 
(Pretreatment values on this same subject 
performed twice under identical conditions of 
diet and salt intake, however, differed by 600 
cc). Post-treatment figures revealed no con- 
sistent pattern. Thiocyanate space increased 
in every instance during drug administration 
including the one experiment with oral ad- 
ministration. The post-treatment response was 
not consistent. Small increases in body weight 
were noted to drug administration in all ex- 
periments except in subject No. 3 whose 
weight dropped 0.2 kg. The post-treatment 
response varied. 

Discussion and conclusions. The data indi- 
cate that normal subjects given cortisone 
acetate respond in a similar manner to that 
observed in patients: salt and water retention 


occurs and serum electrolyte concentration 
and serum osmolarity are not appreciably 
altered(12-14). The responses noted here in 
Evans blue space are similar to the variable 
results seen in subjects with disease during 
cortisone administration(15-19). The uni- 
form increase in thiocyanate space is not an 
unexpected finding since evidence of chloride 
retention was uniformly noted and since the 
thiocyanate space empirically parallels changes 
in chloride space(20-21). The weight gain 
noted by most of the subjects was considered 
to represent changes in total body water since 
the diets, including salt intake, were at the 
usual daily level for all subjects and the ex- 
periments were of brief duration. These data 
do not make it possible to separate salt and 
water retention from endogenous shifts of cell 
water to extracellular space. 
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Effect of Stress upon the Healing of Wounds in Rats.* (20495) 
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(Introduced by John H. Mulholland.) 


From the Department of Surgery, New York University Post-Graduate Medical School. 


Although the phenomena related to stress 
have been intensively studied in the past few 
years, the effect of stress upon the healing 
process has never been clearly determined. 
Stress results in increased secretion of adrenal 
cortical hormones(1). The administration of 
ACTH or cortisone, in sufficient dosage, in- 
hibits the rate of healing(2,3). Whether or 
not the increased endogenous secretory ac- 
tivity of the pituitary-adrenal axis in response 
to stress can depress the rate of healing of an 
experimental wound, is not established. 

Studies concerning the effect of stress upon 
healing have led to contradictory conclusions. 
It has been reported(4,5) that if 2 wounds are 


* Supported by a grant under contract with the 
Medical Research and Development Board, Depart- 
ment of the Army. (Contract No. DA-49-007-MD- 
162). 


produced in an animal at different times, the 
second wound heals more rapidly than the 
first. On the other hand, it has also been 
reported(6) that a skin defect, made one or 
2 days following a procedure such as gonadec- 
tomy, healed more slowly than similar wounds 
made some time after the operative interven- 
tion. Intercurrent infections, located some 
distance from healing wounds, were observed 
to slow the rate of healing in a few animals 
(7). Intramuscular injections of an irritant, 
sodium ricinoleate, reportedly reduced the 
rate of healing in dogs on the 7th and 10th 
postoperative days(8). 

In an attempt to clarify the relationship 
between pituitary-adrenal function and the 
healing process, a series of experiments was 
begun in this laboratory in 1951 utilizing the 
bursting pressure of standard laparotomy 
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wounds in rats as an index of the rate of 
healing. 

Method. ‘The technic employed here is a 
modification of our previously reported 
method (9) which is objective and withstands 
statistical analysis. Young Wistar rats, 
weighing 180-200 g, were submitted to lapa- 
rotomy with aseptic technic under ether anes- 
thesia. A 3 cm right rectus incision was made 
and repaired with 6 interrupted 00000 silk 
sutures through the entire thickness of the 
abdominal wall. The skin was then sutured 
with continuous No. 38 stainless steel wire. 

On the fifth postoperative day, the animals 
were again anesthetized with ether. The skin 
was carefully dissected away from the wound, 
and the silk sutures removed. Then, through 
a small stab incision in the left lower quadrant 
a rubber balloon was inserted into the peri- 
toneal cavity. The balloon was then slowly 
inflated with air. The pressure of air neces- 
sary to burst the abdominal incision was re- 
. corded. The end-point has generally been 
quite sharp and simple to determine. At the 
conclusion of the wound test, the animals were 
autopsied. The adrenal glands were carefully 
dissected out and weighed promptly on a 
Roller-Smith torsion balance. 

Eleven series of observations were made. 
(Table I) I: Skin incision 6 cm in length over 
the back, sutured with continuous fine wire 
4 days prior to laparotomy. II: Excision of 
a 6 by 3 cm patch of skin from the back, done 
4 days prior to laparotomy. III: Fractures 
of the femur, knee joint, tibia and fibula bi- 
laterally, produced 4 days pre-laparotomy. 
IV: Turpentine injection, 1.0 ml, subcutane- 
ously, given in one dose 4 days prior to lapa- 
rotomy. V: Turpentine, 0.5 ml injections 
daily beginning 9 days pre-laparotomy and 
continuing until day of sacrifice. VI: Burn, 
second degree, 25% of body surface (back), 
at 73°C for 30 seconds, 4 days pre-laparot- 
omy. VII: Refrigeration at 4-6°C for 4 days 
prior to laparotomy and continuing until day 
of sacrifice. The animals were removed 
from refrigeration only for the duration of the 
laparotomy procedure. VIII: Epinephrine 
injections, 0.2 mg daily beginning the day of 
laparotomy and continuing until day of sacri- 
fice. IX: dl-Thyroxine injections, 0.5 mg 
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daily, beginning 6 days pre-laparotomy. X: 
Cortisone acetate (Cortone, Merck) injec- 
tions, 1.0 mg twice daily, beginning 4 days 
pre-laparotomy. XI: ACTH (Acthar Gel, 
Armour) injections, 4 units twice daily, be- 
ginning 4 days pre-laparotomy. The skin in- 
cisions, excisions, burns and fractures were all 
produced under ether anesthesia. 

All animals were maintained in individual 
cages on an ad libitum intake of Purina Lab- 
oratory Chow and water. - Despite the various 
injuries, the average body weight of the 
various groups of rats either increased or re- 
mained unchanged during the 10-day experi- | 
mental period. 

Results. The results are summarized in 
Table I. With the exception of the skin-in- 
cision and the single-dose-turpentine stresses, 
in every case there is a statistically significant 
depression of the bursting pressure of the 
fifth day healing wounds. There is a concomi- 
tant increase of the adrenal weight in each 
type of stress in which this factor was studied, 
as compared with the weight of the adrenal 
glands in non-stressed laparotomized control 
rats. 

In an attempt to determine for what period 
of time after initiation of stress this inhibition 
of healing is manifest, several types of stress 
were produced at variable intervals of time 
prior to laparotomy. These results are sum- 
marized in Table II. It is apparent that skin 
incision did not significantly depress the 
bursting pressure of 5-day wounds at any time 
interval studied. On the other hand, skin- 
excision-stress, initiated the day of laparot- 
omy or 4 or 9 days prior to laparotomy, did 
result in impaired healing. Inhibition of heal- 
ing did not occur when this type of stress was 
initiated 15 to 30 days prior to laparotomy. 
The skin excision wounds were usually healed 
by the 30th day. When multiple fractures 
were employed as the stress, depression of the 
fifth day bursting pressure persisted even 45 
days after the fractures were produced. 

Discussion. Our results are not in agree- 
ment with those of Sandblom(4) and of 
Young, Fisher, and Young(5). These authors 
used skin wounds in their experiments. With 
the use of skin wounds, it is well known that 
numerous local factors may affect the result, 
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TABLE I. Magnitude of Stress-Induced Inhibition of Healing as Determined in 5-Day 
Laparotomy Wounds Following Different Types of Stress. 


No. of Adrenal wt, Mean bursting Statistical analysis* 

Nature of stress rats mg/100gB.W. pressure + S.E. n t Pp 

Non-stressed control 27 8.6 + .2 75.4 + 2.2 

Skin incision, 4d. 10 9.4 + 3 66.2 + 3.7 35 2.08 N.S 
pre-lap. 

Skin excision, 4 d. 34 LOROGe 3 60.0 + 1.5 59 5.25 <.01 
pre-lap. 

Fractures, 4 d. pre-lap. Tal — 60.7 + 3.4 36 3.53 << (OE 

Turpentine, 1 ce, 10 = (OO sasaal 35 — N.S 
4d. pre-lap. 

Turpentine, .5 ec 0.d., 11 — 60.9 + 2.8 36 3.67 <.01 
9 d. pre-lap. 

Burn, 4 d. pre-lap. alg 10.0 + .3 61.3 + 2.3 36 3.70 <0 

Refrigeration, 4 d. 11 i Oneteae 55.38 + 4.1 36 4.70 <.01 
pre-lap. 

Epinephrine .2 mg, o.d. 12 10.8 + .4 61.0 + 3.2 37 4.21 <n 3! 
post-lap. 

Thyroxine, .5 mg, 9 1.6 =. 6 60.7 + 2.9 34 3.47 <.01 
6 d. pre-lap. 

Cortisone, 1.0 mg b.i.d., 10 5.8 = .3 60.0 + 2.6 30 5.26 <.01 
4d. pre-lap. 

ACTH, 4ubi.d., 6 15.3 + .4 53.5 —& 4.0 Se ELS <.01 
4d. pre-lap. 


* Statistical analysis by the ‘‘t-test’’ of Student as described by Fisher(11). Mean bursting 
pressure considered significantly different from control when P <.04. 


S.E. = Stand. error of the mean. 


N.S. = Not significant. 


TABLE II. Effect on Healing of Stress Initiated at Varying Intervals of the Time Prior to 


Laparotomy. 
Mean bursting Diff. from — Statistical analysis ~ 
pressure control n t P 
Control 75.4 + 2.2 0 — —_— _- 
Skin incision 
At lap. 72.7 + 5:3 2.7 34 — N.S 
4d. pre-lap. 66.2 + 3.7 9.2 35 2.08 05 
Dol ie MOLQN=Er 2.9 4.5 38 1.18 N.S 
Skin excision 
At lap. 63.5 + 3.7 11.9 37 2.84 <.01 
4d. pre-lap. 60.0 + 1.5 15.4 09 5.25 <.01 
Gl) 56.9 + 2.0 18.5 59 5.25 <.01 
Nay oly racy Me 70.6 + 2.5 4.8 43 1.4 N.S 
BNO eee a 68.9 + 3.5 6.5 33 1.4 N.S 
Fractures 
At lap. 57.6 + 3.6 17.8 34 4.04 <.01 
4d. pre-lap. 60.7 + 3.4 14.7 36 3.53 ADM 
Ordre ee 60.0 + 2.6 15.4 40 4.32 <<“. 0 
OKC ramets 59.6 + 3.3 15.8 35 3.76 <.01 
BUG 52.0 + 2.3 23.4 34 5.6 <.01 
AOE 65.9 + 1.8 9.5 39 2.76 <.01 


a fact which is emphasized by Sandblom. 
This may be an explanation for the discrep- 
ancy. In no instance in our study did any 
group of animals demonstrate a mean burst- 
ing pressure, significantly greater than that of 
the normal control rats. This is in agreement 


with current views regarding the healing 
process as summarized by Harvey(10). 

The duration of the period of stress-induced 
inhibition of healing appeared to depend upon 
the nature and the magnitude of the stress. 
With multiple fractures, healing was de- 
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pressed 45 days after the fractures were pro- 
duced. Actually, bony union of the fractured 
femoral shafts had not occurred in many cases 
by this time. Skin-excision-stress did not re- 
sult in depression of the bursting pressure of 
laparotomy wounds if the skin excisions were 
made 15 days or more before laparotomy. 

Two possibilities suggest. themselves to ex- 
plain the stress-induced inhibition of healing. 
First, there may be competition between the 
repair process in the area of trauma (fractures 
or skin wounds) and the healing laparotomy 
wound for certain, as yet undetermined, me- 
tabolites which are essential to the healing 
process. Second, the induced stress may re- 
sult in sufficient stimulation of pituitary- 
adrenal activity so that the increased endo- 
genous secretion of adrenal cortical hormone 
results in inhibition of the rate of healing. 
The presence of hypertrophied adrenals. fol- 
lowing severe stress would favor the second 
hypothesis. 

Summary. 1. A variety of situations, cal- 
culated to provide a chronic “‘stress’’ stimulus, 
have been studied in order to determine the 
effect of stress upon the bursting pressure of 
standard laparotomy wounds in rats. 2. With 
the exception of mild stress (skin incisions, 
single turpentine injection), in each case a 
depression of the bursting pressure of fifth day 
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laparotomy wounds was observed. This was 
accompanied by increases in the weight of the 
adrenal glands at autopsy. 3. The duration 
of this period of stress-induced depression of 
healing appeared to vary with the magnitude 
and the nature of the stress stimulus. 
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Hafnium Complexes for Biological Investigation.* (20496) 


Erta Macponatpt ANp CARL TABB BAHNER.+ 


(Introduced by G. A. Andrews.) 


From the Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn. 


A hafnium sodium mandelate complex has 
been used in a recent study of the distribution 
and excretion of hafnium in the rat(1). 
Hf!81 is one of the relatively small number of 
readily available isotopes which have a half- 
life at all suitable for internal irradiation by 
deposition in the tissues(2). It therefore 


é * Work done under contract, with the United 
States Atomic Energy Commission. 

+ University of Texas Medical Branch, Galveston, 
Texas. 

+t Carson-Newman College, Jefferson City, Tenn. 


seemed important to learn whether it is prac- 
tical to obtain substantially different distribu- 
tion patterns using other complexing agents. 
Other workers have shown that the distribu- 
tion patterns of colloids can be altered by 
variation in particle size(3,4) and that the. 
excretion pattern of lanthanum can be changed 
by the use of chelating agents(5). Another 
reason for interest in other hafnium complexes 
is the fact that the mandelate preparations are 
often visibly cloudy at pH 7-8, while the other 
complexes described subsequently are more 
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satisfactory in that they are more consistently 
clear. 

Sodium catechol-3,5-disulfonate is the agent 
used to prepare the well known antimonial 
drug, fuadin. This complexing agent has been 
found to prevent formation of more than a 
trace of visible precipitate at pH 7-8 when 
as little as one mole was used for each 2.5 
g atoms of hafnium. A hafnium oxychloride 
solution containing approximately 9 mg 
Hf/ml was prepared from irradiated hafnium 
oxide. A 10 ml portion of this solution was 
mixed with 0.492 g sodium catechol disul- 
fonate, sodium hydroxide was added until the 
pH was approximately 7, and the clear solu- 
tion was diluted to 25 ml. Ratio: 3 moles 
sodium catechol disulfonate to 1 g atom 
hafnium. 

Sodium citrate, used in the ratio of 2 moles 
per g atom of hafnium, produced a solution 
which remained clear at pH 7 but began to 
become cloudy about pH 8. A solution con- 
taining Hf!*! was prepared by adding 10 ml 
of the hafnium oxychloride solution to a solu- 
tion of 0.252 g of NasCgH;O0;° 2H2O in 3 
ml of water, adding sodium hydroxide to a 
pH of 7, then diluting to 25 ml. The resulting 
solution appeared clear. Ratio: 1.7 moles 
- sodium citrate to 1 g atom of hafnium. 

Sodium gluconate formed a clear prepara- 
tion containing as little as 1.63 moles of so- 
dium gluconate per g atom of hafnium, but an 
8:1 ratio was chosen for preparing a complex 
of Hf!*'. To 2.0 ml of freshly prepared 2 M 
sodium gluconate solution were added 10 ml 
of the hafnium oxychloride solution, then 
sodium hydroxide to pH 7, and water to a final 
volume of 25 ml. 

For comparison a hafnium mandelate com- 


TABLE I. Distribution of Hf's' in Animals Which 
Received Hafnium Sodium Catechol Disulfonate 


Complex. 
Rat 
No. Specimen Counts/min./g 
1 Portion of left lobe of liver Dios 
1 Me eriohtet gr tapes 4.0 X 108 
Portion at junction of lobes 13.3.0 
of liver 
2 Portion of left lobe of liver Seo Oe 
Dy, ” ” right ” 9 ” 4.6 NK 108 
2 Portion at junction of lobes LAOS aa0 
of liver 


PEG is Autoradiogram of kidney of dog showing 
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uneven distribution of hafnium*™?, 


plex was prepared from the same batch of 
hafnium oxychloride solution used for the 
preceding preparations, by adding 10 ml of 
the solution to 0.550 g mandelic acid, adding 
sodium hydroxide and water to pH 7, and 
diluting to 25 ml. 

White, male, Wistar-stock rats were used 
for distribution experiments. A hypodermic 
needle attached by a short rubber tube to a 
syringe containing normal saline solution was 
inserted into the tail vein of each rat under 
ether anesthesia. Through another needle, 
0.5 ml of the radioactive complex was injected 
into the rubber tube and washed into the 
blood stream with a small amount of the saline 
solution. Care was taken that the total vol- 
ume injected should not exceed 2.5 ml. Since 
the total amount of radioactive material in 
each injection was less than 100 pc, it was not 
believed that radiation affected the distribu- 
tion pattern significantly. After 96 hours each 
animal was lightly anesthetized by intraperi- 
toneal injection of nembutal, a blood sample 
was withdrawn, and the animal was perfused 
with normal saline solution. The animals 
were dissected and the weighed organs were 
dissolved by heating with concentrated nitric 
acid. The solution was made up to a known 
volume, was shaken vigorously to disperse the 
undissolved fatty material, and a 10 ml ali- 
quot portion was placed in a petri dish. The 
radioactivity was then measured by the use of 
a thin mica window Geiger-Mueller tube in 
a lead walled, vertical counting chamber. 

In order to minimize the difficulties caused 
by undissolved fatty material, the entire solu- 
tion was diluted to only 10 ml and taken for 
counting whenever possible. 


The liver was” 
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TABLE II, Hf" Distribution Ratios* 96 Hr after Injection. 


No. of -— Liver/femur—, ,—Kidney/femur—, -—Spleen/femur-,—Heart/femur~ 
Complex animals Range Median Range Median Range Median Range Median 
Catechol 12 83 - 5.2 1.9 1.3 -13.4 6.2 alls) S Bull 2.05 28 598 .53 
disulfonate 
Gluconate 14 .042- .30 14 .15- 2.3 79 077-70 18 .018-.11 .066 
Citrate 8 .20 - 1.21 3 .29- 2.1 52 .016- .40 14 .023-.10 051 
Mandelate 12 1.6 -18 5.8 (OO ulee 35 Mate SeleeaL 5.7 04 -.9 32 


* Based on counts/g of tissue. 


usually minced into very small pieces and a 
representative sample was taken for digestion 
and counting. It was not found satisfactory 
to digest a single strip of the liver as a sam- 
ple because of the variations in uptake within 
a single organ as illustrated by the examples 
shown in Table I. The uneven distribution 
of Hf'*! in another organ is illustrated in 
Fig. 1. 

Rather wide variations were observed 
within the distribution patterns for each of 
these complexes, but in spite of this fact some 
striking differences between complexes were 
apparent. Several of these are illustrated in 
Table II summarizing distribution ratios at 
4 days after injection. The gluconate and 
citrate complexes behaved very much alike, 
but the lowest liver/femur ratio in the cate- 
chol disulfonate series was nearly 3 times the 
highest liver/femur ratio in the gluconate 
series. The liver/femur ratio was even higher 
in the mandelate series. The kidney/femur 
ratio was highest in the catechol disulfonate 
series, while the spleen/femur ratio was high- 
est in the mandelate series. 


In all series the concentration of hafnium 
in the femur was larger than in the heart, but 
the median heart/femur ratio for the man- 
delate series was 0.31 while for the catechol 
disulfonate, citrate, and gluconate series the 
median figures were 0.53, 0.053, and 0.075. 
The uptakes in both heart and leg muscle were 
low, but the uptake in the heart was fre- 
quently several times as great as in the leg 
muscle. The median ratios were: for citrate 
2.9, for gluconate 3.0, for mandelate 6.5, for 
catechol disulfonate 5.9. The median ratios 
of counts per g of adrenal gland/femur were 
2.1 in the mandelate series, and 1.2 in the 
catechol disulfonate series. 


A total of 45 additional rats were used in 


the study of the distribution patterns for the 
3 new complexes at periods from one hour to 
16 days after injection. While the data sug- 
gest that some gradual change in distribution 
ratios may occur with time, the evidence is — 
not conclusive. The median ratios shown in 
Table II would have been little different if the 
data for the other periods had been included. 
There was, however, evidence that the con- 
centration of hafnium in the blood decreased 
rapidly and that excretion of hafnium in the 
urine occurred much more rapidly during the 
first few hours than later. A number of the 
experimental animals were placed in metab- 
olism cages immediately after injection and 
a conventional apparatus was used to collect 
urine and feces separately. The activity 
found in the feces was low. Of 5 rats which 
received the mandelate complex, none excreted 
over 8% of the injected dose in the urine 
within 24 hours, while 9 of 12 rats which re- 
ceived the gluconate and 7 of 8 rats which re- 
ceived the catechol disulfonate excreted half 
or more of the injected hafnium within 4 
hours. 

The marked differences in the distribution 
patterns of hafnium administered with dif- 
ferent complexing agents suggest the possi- 
bility that the usefulness of radioactive iso- 
topes may be increased by directing the local- 
ization in tissues through the use of suitable 
complexing agents. 

Summary. The distribution of Hf!*? in rats 
was different when different hafnium com- 
plexes were administered. The median liver: 
femur concentration ratios with various com- 
plexing agents were in order mandelate 
> catechol disulfonate >citrate > gluconate. 
Differences were observed in other organs 
also. 
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Effect of Cortisone Upon Formation of Liver Glycogen 
from Glycine.* (20497) 
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From the Department of Biological Chemistry, Georgetown University School of Medicine, 
Washington, D. C. 


Gluconeogenesis from protein in the fasting 
animal has been established as being mediated 
by the adrenal cortex(1-4). Hess and Shaff- 
ran(5) have studied the rate of liver glycogen 
formation from glycine in fasted normal rats. 
The present paper is concerned with the effect 
of cortisone upon the rate of glycogen forma- 
tion from glycine in the fasted normal rat. 


Experimental. White rats, weighing 100 to 
150 g, fasted for 24 hours were fed, by 
stomach tube, 450 mg of glycine dissolved in 
2.5 ml of water. Cortisone acetate in saline 
suspension (Cortone Merck) was given intra- 
muscularly at the same time as the glycine 
at 2 dosage levels, 2.5 and 5.0 mg. Controls 
receiving only cortisone were also studied. 
At the end of the experimental periods the 
animals were sacrificed and liver glycogen de- 
termined by the method of Good, Kramer, 
and Somogyi(6). The animals were kept in 
metabolism cages during the fasting and test 
periods and urine was collected for total nitro- 
gen determination by the micro-Kjeldahl 
method. The results are given in Tables I, 
II, and III; each value is the average of the 
results from 4 to 6 animals. Duplicate deter- 
minations were made on each sample. For 
comparison the data for the formation of gly- 
cogen from glycine alone(5) are included. 

Cortisone alone produced the increase in 
liver glycogen observed by many other in- 
vestigators. The 5 mg dose induced the max- 


* This study was aided by a Grant from the 
Council on Pharmacy and Chemistry of the Am. 
Med. Assn, 


TABLE I. Concentration of Liver Glycogen Fol- 
lowing Glycine, 5 mg Cortisone, and Glycine plus 


Cortisone. 
1 ee 3* 4 
Cortisone 
Time, Corti _ 
hr Glycine’ sone glycine Change 
2 25 23 025 —455(<.01)t 
4 95 1.80 2.50 —.25 (<.10) 
6 1.35, 1.60 2.60 —.35 (<.01) 
12 2.40 1.80 4.60 +.40 (<.01) 
14 2.50 2.35 5.15 +.30 
16 2.55 2.40 5.20 +.25 
24 1.80 1.90 3.70 .0 
31 40 3.80 4.10 —.10 
40 .20 4.00 4.40 +.20 
48 .20 3.70 3.90 0 


* Column 3—(Column 1 + column 2). 

+ P values for the change based upon the caleu- 
lation for t. From 14 hr to 48 hr the changes are 
not significant. 


imum deposition at 40 hours, the period from 
31 to 48 hours giving a fairly uniform value. 
A peak was found at 16 hours followed by a 
slight decline and a subsequent marked in- 
crease; a similar effect was noted when cor- 
tisone plus glycine were given. The 2.5 mg 
dose produced a maximum at 24 hours, the 
amounts found at 31 and 48 hours were 
slightly less. The maximum amount of gly- 
cogen formed following the 5 mg dose of cor- 
tisone was almost twice that produced by 
feeding glycine alone and the maximum 
formed following the 2.5 mg dose was just 
slightly less than the peak for glycine alone. 
However, the maximum glycogen value fol- 
lowing glycine was reached earlier. 

‘When 5 mg of cortisone was given at the 
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TABLE II. Total Liver Glycogen and Urine Nitrogen, 5 mg Cortisone Dose. 


Liver Glycogen, Glycogen Urine 
Period and treatment wt, g % total, mg nitrogen, mg 
2 hr y 
Glycine (7)* 5.3 25 Sees -2R(Sade ai 12 
Cortisone (4) 5.2 .23 12.0 13 
Glycine + cortisone (4) 5.5 25 1.4 10 
6 hr 
Glycine (6) 4.8 1.35 64.8 (17.8) 38 
Cortisone (6) 5.2 1.60 83.2 28 
Glyeine + cortisone (6) Bel 2.60 132.6 (14.7) 35 
24 hr 
Glycine (5) 4.3 1.80 77.4 (21.5) 170 (100) t 
Cortisone (4) 5.0 1.90 95.0 120 (110) 
Glycine + cortisone (4) 5.6 3.70 207.2 (28) 200 (110) 


* No. of animals used to obtain the avg value given. 
t % of glycine converted into glycogen, For the glycine plus cortisone period calculation is 
based on the assumption that the cortisone would have formed glycogen to the same extent as 


when administered alone. 


{ Nitrogen excretion for the 24 hr fasting period prior to experimental period. 


TABLE III. Concentration of Liver Glycogen 
Following Glycine, 2.5 mg Cortisone, and Glycine 
plus Cortisone. 


1 2 3* 4 
Cortisone 
Time, Corti- ++ 
hr Glycine sone glycine Change 
ane ‘i. Jo 
6 1.35 10 1.20 ae OU es O ET 
12 2.40 02 1.90 a0 On( <a Uily) 
18 2.25 .60 2.20 —.65 (<.01) 
24 1.80 2.10 3.10 eae 8 i E<S.0:]5) 
31 40 Pe) 1.80 0 0a <@-0)) 
48 .20 1.60 2.40 +.60 (<.10) 


* Column 3—(Column 1 + column 2). 
t+ P values for the change based upon the caleu- 
lation for t. 


same time as glycine an increased production 
of glycogen resulted. In general it appears, 
from the data in Table I, that the amount of 
glycogen formed following administration of 
both glycine and cortisone is equal to the sum 
of the amounts formed when the two are given 
separately. This statement may not hold in 
the first 6 hours during which there appears 
to be some inhibition of glycogen formation, 
since the sums of the 2 separate experiments 
were significantly greater than the amounts 
formed with the combined administration. 
Engel, Schiller, and Pentz(7) found that when 
adrenal cortical extract was administered to 
rats the amount of glycogen formed during the 
total experimental period of 6 hours while 
greater than after the lysine alone was less 
than after the ACE alone, a result similar to 


that obtained with glycine and cortisone after 
2 hours. For the single period of 12 hours the 
amount of glycogen formed following both 
cortisone and glycine was significantly greater 
than the sum of the 2 separate experiments. 
For all the other periods there were no sig- 
nificant differences. 

Since, during the early hours following cor- 
tisone plus glycine, there was inhibition of 
glycogen formation, based on the per cent 
formed, the absolute amounts of glycogen 
were also calculated. These data are given in 
Table II. The results thus calculated show 
the same trend; at the end of 2 hours the sum 
of the values obtained with glycine and with 
cortisone is 25.2 mg, whereas when the 2 were 
given together only 1.4 mg of glycogen was 
formed. At the end of the 24-hour period 
there was a slight excess of glycogen formed 
when cortisone and glycine were given to- 
gether, 207.2 mg compared to 172.4 mg for 
the sum of the 2 given separately. If the 
theoretical amount of glycogen that can be 
formed from glycine is calculated and com- 
pared with the total glycogen produced there 
is a gradual increase in utilization and at the 
end of 24 hours the liver glycogen accounts 
for 21.5% of the theoretical amount when 
glycine is given alone and 28.0% when both 
glycine and cortisone are given. For the 2- 
and the 6-hour periods glycine alone gives a 
higher per cent conversion reflecting the in- 
hibition produced by the hormone at these 
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periods. 

Urinary nitrogen data of a number of the 
animals are also given in Table II. For the 
24-hour period there is a comparison between 
the nitrogen excretion for the 24-hour control 
and the experimental periods. When glycine 
alone is given, the increase in nitrogen ex- 
cretion accounts for 83.5% of the glycine 
nitrogen, and for both glycine and cortisone, 
95.6%. Cortisone alone produced a slight 
increase, 10 mg, over the control nitrogen ex- 
cretion in the 24-hour period. The values 
for the 2- and the 6-hour periods can only be 
compared within the series and it appears that 
some inhibition of excretion occurred. In 
both periods the nitrogen values for cortisone 
plus glycine are somewhat less than for gly- 
cine alone. 

With the 2.5 mg dose of cortisone the ef- 
fects are, qualitatively, similar to those with 
the 5 mg dose; in fact, the early inhibitory 
effect is more apparent. Up to 18 hours the 
values for glycine plus cortisone are less than 
those for glycine alone. In Table III the 
hourly values of the liver glycogen are given. 
The cortisone plus glycine failed to produce 
as much glycogen as the sum of the amounts 
formed by the 2 compounds administered 
separately up to 48 hours. The changes as 
calculated in column 4 are significant at the 
1% level in every case except the last two. 

Neither dosage of cortisone increased the 
amount of glycogen formed from glycine. 
Perhaps under the fasting conditions em- 
ployed maximum utilization was occurring 
and no further increase could result from the 
action of the cortisone. This result could also 
be interpreted as supporting the suggestion of 
Engel, Schiller, and Pents(7) that the action 


CoRTISONE AND LivER GLYCOGEN 


of the adrenal cortex on nitrogen metabolism 
may be on protein rather than on amino acids. 


Summary. 1. Cortisone produced an in- 
crease in liver glycogen of fasted normal rats. 
After a 5 mg dose the peak production period 
is from 31 to 48 hours, after a 2.5 mg dose the 
peak is lower and is reached earlier. 2. Gly- 
cine given at the same time as the cortisone 
increased the liver glycogen content. At the 
5 mg cortisone dose, after 12 hours, the 
amount formed was equal to the sum of the 
amounts formed when each of the substances 
was given separately. During the earlier 
periods there was an inhibition of glycogen 
formation. At the 2.5 mg cortisone level the 
same results were obtained but to a lesser de- 
gree. 3. The excretion of urinary nitrogen 
reflected the change in liver glycogen in that 
during the early periods the nitrogen excretion 
was somewhat less than during the control 
periods, but within 24 hours the extra urinary 
nitrogen accounted for 95.6% of the glycine 
nitrogen. ~ 
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Reproducible Oral Infection Rates in Monkeys with the Mahoney 


Strain (Type 1) of Poliomyelitis Virus.* 


(20498) 


L. P. GEBHARDT AND J. G. BACHTOLD. ; 
From the Department of Bacteriology, College of Medicine, University of Utah, Salt Lake City. 


Reproducible and consistent rates of infec- 
tion of monkeys with the virus of poliomye- 
litis given orally have not in the past been 
successful. A variety of vehicles for suspen- 
sion of the virus have been tried, including 


_ water, physiological sodium chloride, milk and’ 


butter, milk-soaked bread, bananas, etc. The 
_ virus-vehicle mixtures were either fed by 
means of a syringe or offered to the monkeys 
for voluntary consumption(1-6). Bodian and 
Howe(7) using 4 poliomyelitis virus strains 
_ (Lansing, Brunhilde, Kotter, and Per) were 
unable to infect either M. mulatta or cyno- 
molgus monkeys by giving virus orally by 
means of a syringe. Using the Y-SK strain 
(Type 2) of poliomyelitis virus, Sabin(8) was 
able to infect 54% of the monkeys when milk 
was given prior to oral virus feeding. The 
virus was given twice daily for 3 days. Of 10 
controls receiving no milk and one-half as 
much virus as above, none developed para- 
lytic poliomyelitis. Subsequent studies by 
Bodian(9) failed, however, to confirm the 
above data. In these studies, 5 strains of 
virus were used (Per, Y-SK, Leon, Mahoney, 
and Wfd) representing all 3 antigenic types. 
Infection rates were, however, not consistent, 
varying from 0 to 50%. 

With increasing interest in chemoprophy- 
lactic and chemotherapeutic studies in experi- 
mental poliomyelitis, and considering the fact 
that the intracerebral and intranasal routes of 
infection are too severe to screen compounds, 
a more suitable method for gastrointestinal 
infection was highly desirable. 

Methods. The Mahoney strain (Type 1)t 
of poliomyelitis virus was used. Cynomolgus 
monkeys from the Philippine Islands were 
utilized. In one experiment, bread soaked 
with a milk and virus mixture was given in 


* Aided by a grant from the National Founda- 
tion for Infantile Paralysis. 

t+ A sample of this virus was kindly supplied by 
Dr. David Bodian, Johns Hopkins University. 


regular feeding pans. In the remainder, virus 
was given by stomach tube attached to a 
syringe, using a Fr. No. 16 urethral catheter, 
after 48 hours of fasting. Water was offered 
ad lib. during the fasting period 


Results. A comparison was first made on 
the efficacy of voluntary feeding of bread 
soaked with a mixture of virus and milk, with ' 
the same quantity of virus in milk given by 
stomach tube. The animals were fasted for 
24 hours prior to the virus being given. 
Normal feeding was resumed 24 hours after 
the virus. The results presented in Table I 
show that virus given by stomach tube pro- 
duces a higher infection rate than by simple 
ad lib. virus feeding. Also the problem of 
“virus splashing” about the cage is elim- 
inated and more accurate dosages can be given 
by stomach tube. 

An attempt was made to titrate the Ma- 
honey virus by the oral route of infection to 
determine, if possible, a reproducible PDso+ 
dose of virus. In this group of monkeys, virus 
was given in milk by stomach tube after 48 
hours of fasting to eliminate as much as pos- 
sible residual food in the small intestines. 
The results presented in Table II show that 
repeated daily doses of virus are superior to 
a single dose. 


TABLE I. Comparison of Infection Rates of 
Monkeys Fed Virus in Milk and Virus-Milk Mix- 
ture Given by Stomach Tube. 


No. % 
monkeys Virus Fate paralyzed 
4 Fed ad lib 5 ml 20% Ma- 2/4* 50 

honey virus in 25 ml 
milk soaked on half 
slice of bread 
5 5m1l20% Mahoney virus 4/5 80 


in 25 ml milk given 
by stomach tube 


* 2/4 — 2 monkeys developed paralysis out of 4 
inoculated. 


tPDs9 —= Dose of virus producing paralysis in 
50% of the animals fed with virus. 
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The next group of animals was tested for 
the influence of alkaline chemicals and milk 
fat upon the rate of infection. All animals 
fasted for 48 hours. Chemicals, milk, cream, 
and virus were all given by stomach tube. 
Market milk was used (homogenized and pas- 
teurized) with a fat content of 3.5%; the 
market cream used was a commercial product 
(Half and Half) with a fat content of 12%. 
The results presented in Table III suggest 
that milk fat rather than alkaline chemicals 
protects the virus during its sojourn in the 
stomach. 

From the data obtained above (Table III) 
it was decided to determine whether the 
amount of milk fat (cream) influenced infec- 
tion rates, when virus and cream mixtures 
were given by stomach tube. Thus, Half and 
Half (12% fat), table cream (18% fat), and 
whipping cream (33% fat) were used. Virus- 
cream mixtures were stirred with a glass rod 
attached to an electric motor, the speed being 
adjusted so as to prevent frothing. The virus- 
cream mixture was kept in an ice bath and 
stirred for 40 minutes. All animals fasted for 
48 hours before virus was given. 


TABLE II. 
Titration of Mahoney Virus by Oral Route. 
No. % 
monkeys Virus Fate paralyzed 
5. Single dose. 5ml10% —1/5* 20 


virus in 25 ml milk 
by stomach tube 
4 3 doses same day. 5 ml 2/4 50 
5% virus in 25 ml 
milk by stomach tube 
4 3 doses same day. 5 ml 
2.5% virus in 25 ml 
milk by stomach tube 


2/4 50 


* 1/5 = One monkey developed paralysis out of 
5 given virus. 


REPRODUCIBLE ORAL POLIOMYELITIS INFECTIONS 


TABLE IV. Effect of Cream on Infection Rate. 


No. Jo 
monkeys Virus Fate paralyzed 
5 5 ml 20% virusin25ml 3/5* 60 

half and half cream. 
Single dose 
5 10 ml half and half 0/5 0: 
cream 11% hr before 
virus; then 5 ml 20% 
virus in 25 ml half 
and half cream. 
Single dose 
5 5 ml 20% virusin25ml 2/5 40 
table cream. Single 
dose 
5 5 ml 20% virusin25ml 2/5 40 


whipping cream. 
Single dose 


* 3/5 — 3 monkeys developed paralysis out of 5 
given virus. 


The results presented in Table IV suggest 
that Half and Half cream (12% fat) and 
virus mixtures is optimal for reproducible 
infection rates when virus is given orally in 
a single dose. 

In subsequent chemoprophylactic experi- 
ments using the Half and Half cream-virus 
(Mahoney) mixture (5 ml of 20% virus in 
25 ml cream) given by stomach tube, 28 out 
of 50 control monkeys (representing 5 indi- 
vidual experiments) became paralyzed. This 


is a consistent and reproducible infection rate 


of 56%. 
Table V. 


Discussion. From the data presented, cream 
(12% fat)-virus (Mahoney) mixtures given 
orally in a single dose, by means of a stomach 
tube, produce consistent infection rates in 
cynomolgus monkeys. Multiple doses of 
virus, as carried out by other workers, have 
yielded not too constant results. Multiple 
doses given over periods of 2 or 3 days makes 


These results are presented in 


TABLE III. Effect of Alkaline Chemicals and Cream on Infection Rate. 


No. % 
monkeys Treatment Virus Fate paralyzed 
4 Stomach wash with 2% NaHCO, 5 ml 20% virus in 25 ml milk 2/4* 50 

5 min. before virus + 250 mg Al (OH)s. 
Single dose 
5 250 mg Al (OH), in 5 ml HO 5 ml 20% virus in 25 ml milk. 2/5 40 
one hr before virus Single dose 
5 5 ml 20% virus in 25 ml half 3/5 60 


and half cream. Single dose 


* 2/4 —2 monkeys developed paralysis out of 4 treated. 


INACTIVATION OF ESTERASE 


TABLE V. Reproducible Infection Rates in Cyno- 
molgus Monkeys by the Oral Route of Virus 
Inoculation. 


Virus 20% single dose 


No. of 5 ml Mahoney virus % 
monkeys in25mlcream (12%) Fate paralyzed 
10 Virus given by stomach 5/10* 50 
10 tube 48 hr after 6/10 60 
10 fasting 5/10 50 
10 7/10 70 
10 5/10 50 


* 5/10 =5 monkeys developed paralytic polio- 
myeltis out of 10 monkeys inoculated. 


it difficult to predict the day of infection. In 
prophylactic as well as therapeutic studies, 
the day of infection is of considerable im- 
portance. Thus virus given orally in one in- 
oculation which produces a consistent infec- 
tion rate enables one to more nearly predict 
the time of infection. 

Summary. A method of orally infecting 
cynomolgus monkeys is presented. Consistent 
and reproducible infections (56%) have been 


Selective Inactivation of Esterase by Alcohol. 
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obtained using the Mahoney strain (Type 1) 
poliomyelitis virus mixed with cream (12% 
fat) and introducing the virus-cream mixture 
into the stomach by means of a Fr. No. 16 
urethral catheter in a single dose. 
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GEORGE GoMoRI AND HEtLIo B. CoutTinuHo.* 


From the Department of Medicine, University of Chicago, Chicago, III. 


In the course of studies on the distribution 
of esterases in the organs of the dog, tissues 
were fixed in 2 different fixatives: a mixture 
of equal parts of absolute acetone and 95% 
alcohol, and neutralized 10% formalin, both 
chilled. Formalin was washed out thoroughly 
under the tap, and ice cold acetone was used 
as the first dehydrating agent. Previous ex- 
perience has shown that failure to wash out 
the formalin or the use of alcohol for initial 
dehydration may result in distinct weakening 
of enzymatic activity. It was soon found that 
in formalin-fixed tissues the overall intensity 
of the alpha naphthol acetate reaction(1) was 


* W. K. Kellogg Foundation Fellow from the De- 
partment of Histology and Embryology, University 
of Recife, Brazil. 

This work has been aided by grants from the 
Douglas Smith Foundation for Medical Research, 
University of Chicago, and from the Pathology 
Study Section, United States Public Health Service. 


definitely higher and its distribution more 
uniform than in the acetone-alcohol-fixed 
ones. The latter often showed a patchy dis- 
tribution of activity, and the surface layers 
of the tissues were-more intensely positive 
than the deeper portions. On closer inspec- 
tion of the slides it became obvious that the 
activity of some structures remained practi- 
cally the same, regardless of fixation, while 
that of other structures such as the hepatic 
parenchyma, the renal tubules, and the bron- 
chial mucosa became profoundly depressed. 
Evidently, the acetone-alcohol mixture had a 
tendency to destroy the enzyme at certain 
sites. 

To determine the nature of the noxious 
agent, pieces of tissue were fixed in absolute 
acetone, 90% acetone, absolute alcohol and 
95% alcohol. After fixation in acetone, either 
absolute or 90%, the pictures obtained were 
almost as good as after formalin. Absolute 
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FIG. 1. Lung of the dog. 


a) Formalin fixation. 


INACTIVATION OF ESTERASE 


@ be 


Bronchial epithelium and smooth muscle 


stained. b) Alcohol fixation. Epithelium unstained; muscle stained. 

FIG. 2. Kidney of the dog. a) Formalin fixation. Renal tubules and Bowman’s capsules 
stained. b) Alcohol fixation. Only Bowman’s capsules stained. 

FIG. 3. Liver of the dog. a) Formalin fixation. Intense staining of hepatie parenchyma. 
b) Alcohol fixation, Only the walls of the sinusoids react. 


alcohol was distinctly poorer as a fixative and 
showed some of the effects noted with the 
acetone-alcohol mixture, while 95% alcohol 
produced the same effects in an exaggerated 
fashion. The specific sites mentioned were 
invariably inactive after fixation in 95% al- 
cohol; on the other hand, other sites such as 
the walls of the hepatic sinusoids, the mucous 
neck cells of the stomach, Bowman’s capsules 
in the kidney, etc., lost little if any of their 
activity (Fig. 1, 2, 3). According to these 
findings, alcohol, especially in the presence of 
some water, destroys the enzyme at certain 
sites. 

The question is whether the alcohol-resist- 


ant and the alcohol-sensitive localizations of 
the enzyme should be explained by the pres- 
ence of different enzymes or by the same en- 
zyme which at certain sites is protected, by an 
unknown mechanism, against the destructive 
action of alcohol. 

The first possibility was considered the 
more likely one, especially when it was discov- 
ered, by comparing slides stained with the 
alpha naphthol acetate method with cor- 
responding slides stained with the myristoyl 
choline technic(2). The alcohol-resistant lo- 
calizations of the alpha naphthol method co- 
incided remarkably accurately with the struc- 
tures revealed by myristoyl choline (although 


AMOEBA IMMOBILIZATION REACTION 


the bronchial muscle stained rather faintly 
with the latter). Following this lead, for- 
malin-fixed sections were incubated in the 
plain alpha naphthol acetate substrate mix- 
ture as before, and other sections in the same 
mixture with 10° M eserine added. In the 
latter group of sections, the activity of the 
alcohol-resistant sites was completely pre- 
vented, and the pictures obtained were the 
exact reverse of those seen after fixation in 
95% alcohol. 

The specificity of esterases is a rather com- 
plicated problem because of multiple overlap- 
ping of substrate preferences(3-5) and of 
sensitivities to various inhibitors(6). The 
sensitivity to eserine appears to be the most 
clearcut differential criterion between alieste- 
rases and cholinesterases(7,8). On this basis, 
the conclusion that alcohol (95% or weaker) 
destroys the aliesterase hydrolyzing alpha 
naphthol acetate in dog organs while it spares 
a cholinesterase hydrolyzing both alpha naph- 
thol acetate and myristoyl choline, is war- 
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ranted. In other species this need not be the 
case since the specificity of esterases varies 
greatly in different species(6). 


Summary. In tissues of the, dog, 95% 
alcohol as a fixative selectively destroys alies- 
terase while it preserves cholinesterase reason- 
ably well. 
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Immobilization of Endamoeba histolytica in vitro by Antiserum 


Produced in the Rabbit. 


BERWIN A. COLE AND JOHN F. KENT. 


(20500) 


(With technical assistance of Victor A. Lopez.) 


From the Tropical Research Medical Laboratory, San Juan, P. R., and the Department of Serology, 
Army Medical Service Graduate School, Walter Reed Army Medical Center, Washington, D.C. 


The demonstration that syphilitic infection 
produces antibody which immobilizes Trepon- 
ema pallidum(1) suggested the possibility 
that amoeba-immobilizing antibody might ap- 
pear following infection with Endamoeba his- 
tolytica. The studies reported herein show 
that the sera of rabbits inoculated repeatedly 
with suspensions of cultured £. histolytica de- 
velop the capacity to immobilize trophozoites 
of this species in vitro. 

Materials and methods. All glassware was 
cleaned with dichromate-sulfuric acid mixture 
prior to sterilization. A single strain* of E. 
histolytica was employed throughout the 
studies. The active trophozoites required for 


* Strain 200, obtained from the Laboratory of 
Tropical Diseases, National Microbiological Institute, 
Bethesda, Md. 


immobilization tests were obtained from cul- 
tures with a flora of mixed bacteriat on Locke- 
egg-serum medium(2); a modified(3) Locke’s 


salt solution was used. The best and most 


consistent yield of motile amoebae was ob- 
tained after 20-24 hours incubation at 37°C. 
A measured volume (0.5 ml) of culture taken 
from the lowest level of liquid phase was trans- 
ferred by pipette to a 12 x 75 mm test tube, 
where it was pooled with aliquots from one 
or more similar cultures. The tube was then 
stoppered and replaced in the incubator for 
an additional 3 hours at 37°C; this served to 
enhance motility of the trophozoites. During 


t An adventitious combination, the predominating 
organisms being a Corynebacterium of the xerosis 
group (sucrose +), an alpha hemolytic strepto- 
coccus, and an organism of the achromobacter group. 
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istolytica after 30 min. incubation at 37°C with (A) normal rabbit serum * 
and (B) anti-Z. histolytica rabbit serum. x 700. 


FIG. 1. Hndamoeba h 


the first half-hour of supplementary incuba- 
tion the combined cultures were carefully 
mixed by drawing the material repeatedly 


into a pipette, and a representative sample 
was transferred for counting to a Neubauer 
chamber. Satisfactory culture pools contained 


AMOEBA IMMOBILIZATION REACTION 


at least 2 x 10° amoebae per ml; they were 
standardized at that count by adding a calcu- 
lated volume of warm (37°C) Locke’s-serum- 
salt solution(2). In the immunization of 
rabbits it was desired to avoid if possible any 
stimulation of antibacterial substances, such 
as might result from use of the amoeba-bac- 
teria culture as inoculum, so advantage was 
taken of the fact that E. histolytica may be 
cultured also with Trypanosoma cruzi(4). 
The amoeba-trypanosome inocula were pre- 
pared from 48-hour cultures showing heavy 
growth of amoebae. The organisms were 
washed 3 times with 0.85% NaCl solution and 
concentrated by centrifugation for 10 minutes 
at 500 G. They were then suspended in a 
volume of NaCl solution such that the desired 
inoculum would be contained in 0.5 ml. 
Healthy adult rabbits were injected intraven- 
ously 3 times weekly for 3 weeks, receiving 
the organisms from 2 culture tubes at each 
injection during the first 2 weeks, and those 
from 4 tubes each time in the third week. The 
animals were bled by cardiac puncture 7-10 
days after the last injection; the sera were 
separated aseptically and stored at —20°C. 
Immediately before testing the required vol- 
ume of serum was heated for 30 minutes in 
the water-bath at 56°C, after which serial 
dilutions were made in Locke’s salt solution 
(3). For the immobilization tests, 0.05 ml 
of the standardized amoeba suspension was 
mixed on a glass slide with an equal volume 
of the serum to be tested. The mixture was 
then covered with a 22 x 22 mm coverslip, 
which had been rimmed with petrolatum to 
minimize drying and maintain partial anaero- 
biasis. The slide was placed finally on an 
electric warming stage at 37°C, and ex- 
amined under the low power of the microscope 
at intervals from 5 minutes to 4 hours. The 
number of motile trophozoites among the first 
Z5 observed was recorded. In estimating the 
percentage of amoebae specifically immobil- 
ized, the number (A) of motile trophozoites 
in the test with antiserum was subtracted from 
the number (B) found motile in the control 
with normal serum, and the difference multi- 
plied by 100/B. 

Results. Sera from rabbits inoculated with 
E. histolytica plus T. cruzi regularly immobi- 
lized amoebae of the same strain cultured with 
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FIG. 2. Immobilization of H. histolytica as a func- 
tion of time and the concentration of rabbit anti- 
serum, 


mixed bacteria as commensals. Morphologi- 
cal changes associated with the reaction are 
illustrated in Fig. 1; when mixed with anti- 
serum, motile trophozoites ceased formation 
of pseudopodia and assumed a rounded, some- 
what contracted form. The results of a rep- 
resentative experiment with serial dilutions of 
antiserum are given in Fig. 2. The numbers 
of non-motile amoebae are plotted against the 
time of incubation in minutes. Included for 
reference are the numbers of non-motile 
organisms found concurrently in controls with 
normal rabbit serum. The number of im- 
mobilized trophozoites increased directly with 
the concentration of antiserum, but varied 
considerably with the time. Maximal im- 
mobilizing effect was observed after 20-30 
minutes, the amoebae gradually regaining their 
activity thereafter. Trophozoites in the con- 
trols with normal serum remained actively 
motile throughout the period of observation. 
Similar results were obtained with 4 other 
antisera. The capacity to immobilize EF. is-. 
tolytica was not demonstrable in serum from 
2 rabbits immunized against T. cruzi alone. 
Evidence of the reproducibility of the im- 
mobilization reaction was obtained in repeated 
titrations of another antiserum; the results 
appear in Table I. All 7 titrations were per- 
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TABLE I. Reproducibility of Endamoeba histo- 
lytica Immobilization Reaction. 


Amoebae immobilized (%) in tests with 
antiserum (62851-1) diluted in salt sol. 


Titration 


S 
No.* ISL ey 1:4 1:8 Ae 6) 
1 89 ik 55 21 3 
2 83 74 fay'5) 31 17 
3 81 67 24, 33 10 
4 87 63 42 18 8 
D 89 64 36 32 16 
6 80 69 41 15 13 
if 80 65 53 25 15 


* Replicate titrations performed during a single 
day with separate sets of serum dilutions and 
amoebae from separate cultures. 


formed during a single day using separately- 
prepared sets of serum dilutions and amoebae 
from separate cultures. The motile amoebae 
in tests and controls were counted after 30 
minutes incubation at 37°C; percentage of 
specific immobilization was estimated by a 
method already given herein. Patent discrep- 
ancies occurred in individual test mixtures, 
as in titrations 3 and 5, but the findings 
otherwise were in good agreement. Two sub- 
sequent observations were significant in that 
they indicated the direction for further stand- 
ardization, and suggested a practical applica- 
tion of the immobilization reaction. Thus £. 
histolytica cultured with a single bacterial 
species(5) as commensal could be substituted 
successfully for the amoebae grown with mixed 
bacteria. Preliminary tests showed also that 
the capacity to immobilize amoebae occurs in 
serum from patients with amoebiasis. In a 
group of 13 individuals shown to be infected 
with EF. histolytica 5 reacted in the immobili- 
zation test. The reactive capacity of their 
sera was relatively low, however, as was that 
of the rabbit antisera (Fig. 2 and Table I). 
Serums from a group of 48 normal individuals 
were without effect upon the amoebae. 
Discussion. The immobilization of EF. his- 
tolytica by rabbit antiserum differs in certain 
essential characteristics from the correspond- 
ing reaction between JT. pallidum and its anti- 
body. In the case of the treponeme the loss 
of motility appears to be an irreversible one 
(1). A marked difference in the studies with 
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amoebae was the early recovery of immobil- 
ized trophozoites. It appears also that com- 
plement (C’), which plays an important role 
in the reaction with treponemes(1), may not 
be essential in the immobilization of amoebae. 
In the present experiments each of the sera 
had been heated under conditions ordinarily 
employed for inactivation of labile C’ com- 
ponents, so it could be assumed that the lat- 
ter at least did not participate in the reaction. 
Further studies of the nature and kinetics of 
the amoeba-immobilization phenomenon are 
clearly indicated. At the same time serious 
consideration should be given to practical 
applications of the reaction as a diagnostic 
aid. Any method which can demonstrate a 
serologic response to E. histolytica may assist 
in establishing the etiological agent in obscure 
clinical illnesses. The simplicity and repro- 
ducibility of the present technic suggest its 
early evaluation. Any further studies, more- 
over, should consider the relationship between 
complement-fixing antibody in amoebiasis and 
the capacity to immobilize trophozoites. The 
demonstration of a distinct immobilizing func- 
tion, as in the case of the treponematoses, 
would be especially significant in view of the 
limited diagnostic usefulness(6) of the com- 
plement-fixation test. 

Summary. The sera of rabbits inoculated 
with cultures of E. histolytica immobilize the 
trophozoites of this species in vitro. The 
capacity to immobilize amoebae occurs also 
in the serum of individuals infected with E. 
histolytica. A technic for demonstrating the 
immobilization reaction is described, and evi- 
dence of its reproducibility is presented. 
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Effect of Erythromycin, Thiocymetin, and Three Other Antibiotics 
on Leptospira icterohemorrhagiae in the Chick Embryo. (20501) 


RicHarp A. ORMSBEE. 


(Introduced by C. L. Larson.) 


From the Department of Health, Education, and Welfare, Public Health Service, National Institutes 
of Health, National Microbiological Institute, Rocky Mountain Laboratory, Hamilton, Mont. 


The leptospiroses form a clinical complex 
which is world-wide in distribution and has 
been found in every geographical region of the 
United States. Only recently has it been 
realized that the disease is not only widespread 
in the continent but that the incidence is con- 
siderably higher than had been generally 
known both in animal and man(1). 

Penicillin and streptomycin have heretofore 
been considered to be among the more effec- 
tive drugs in the treatment of the disease(2,3). 
Aureomycin has been shown to be effective in 
terminating the carrier condition in experi- 
mentally induced L. canicola infections in 
hamsters and dogs(4). Chloramphenicol has 
been reported to be ineffective in experimental 
infections with L. icterohemorrhagiae in ham- 
sters and guinea pigs and in eradicating the 
carrier state in dogs(5). With respect to hu- 
man leptospirosis, the statement has been 
made that none of these antibiotics has been 
shown to be particularly promising as an effec- 
tive drug for the treatment of clinical cases(5). 

It therefore became of interest to examine 
the effect of two new compounds, erythromy- 
cin and thiocymetin, on Leptospira ictero- 
hemorrhagiae, the causative agent of Weil’s 
disease in man, which along with L. canicola 
and L. pomona and other species, causes lepto- 
spirosis in both animals and man. This com- 
munication reports the relative potencies of 
erythromycin(6,7), thiocymetin(8,9), chlor- 
amphenicol, aureomycin, streptomycin, and 
penicillin G in terms of their ability to delay 
the death of chick embryos infected with L. 
icterohemorrhagiae. 

Materials and methods. The compounds 
tested were erythromycin, Dd-threo-2-dichlo- 
roacetamido-1-(4-methylsulfonylphenyl)-1, 3- 
propanediol or thiocymetin, chloramphenicol, 
aureomycin HCl, the potassium salt of peni- 
cillin G, and streptomycin trihydrosulfate. 

A serologically typical strain (L204) of L. 
icterohemorrhagiae which was originally iso- 


lated from a rat and which is virulent in guinea 
pigs was employed in all tests. 

The tests were carried out by injecting 
groups of 25 to 30 6-day-old chick embryos 
via the yolk sac with 0.2 ml aliquots of a sus- 
pension of L. icterohemorrhagiae of such a con- 
centration that the mean death time in con- , 
trol groups averaged 4.7 to 4.8 days. Twenty- 
four hours after injection of the organisms, 
the embryos were similarly injected with aque- 
ous solutions of drug given in 0.5 ml aliquots 
and in amounts not exceeding the previously 
determined maximum tolerated dose. All em- 
bryos dying within 72 hours after injection of 
the organisms were discarded and not counted 
in the test results on the basis that such deaths 
(which averaged 15%) were due to trauma of 
injection. The embryos were then candled 
daily for 13 days, at which time tests were 
terminated. Embryos still alive on the 13th 
day were considered dead on the 14th day for 
purposes of calculation. The difference be- 
tween the mean death time of the control 
groups and the treated groups was taken as 
a measure of the therapeutic effectiveness of 
the drug. 

Experimental results. A summary of the 
test results is presented in Table I. The 
standard error of the mean (o,) in the con- 
trol groups ranged from + 0.05 to + 0.09 
days. In the experimental groups o,, was 
somewhat larger due to increased scatter of 
the data. In the tests with all compounds ex- 
cept erythromycin, o, was = + 0.4 days. In 
the erythromycin tests, om was = -& 0.6 days. 

As can be seen in Table I, the compounds 
may be ranked in the following order of effec- 
tiveness on the basis of equi-molar dosages: 
erythromycin >penicillin G >streptomycin 
>aureomycin >thiocymetin >chlorampheni- 
col. 

The data in Table I indicate that erythro- 
mycin in the chick embryo was of the order of 
8 to 40 times more effective on an equi-molar 
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TABLE I. Effect of Erythromycin, Penicillin G, Streptomycin, Aureomycin, Chloramphenicol, 
and Thiocymetin on Mean Death Time of Chick Embryos Infected with L. icterohemorrhagiae. 


MD — mean death time in days. 
SS ——————————————————eeee 


No. of MD, control Delay 

Compound tested wg /ege uM/ege tests MD, exp.* (om == + .09) in MD 
Erythromyein 11 015 1 7.7 ( 0/28) 4.7 3.0 
22 03 1 9.9 ( 0/22) 4.7 5.2 

40 .06 i = 12.3 ( 5/24) 4.8 == ep 

80 oll il = 13.1 (25/731) 4.8 =} 8.3 

Penicillin G 90 24 1 Se) aC AES) 4.7 S148 
900 2.40 i = 12.6 (18/24) 4.7 eee Ih 

Streptomycin 220 25 1 ze hao (1/29) 4.7 = 2.8 
2200 2.50 at = RO (7/2) 4.7 => 6.3 

Aureomycin 129 25 1 6.9 ( 0/7238) 4.7 2.2 
250 49 + 8.9 ( 0/140) 4.8 4.1 

515 1.00 1 Osta Ovens) 4.7 6.0 

Chloramphenicol 81 25 1 5.2 ( 0/24) 4.7 5 
808 2.50 1 9.2 ( 0/22 4.7 4.5 

Thiocymetin 100 .28 2 5.7 ( 0/753) 4.8 AS) 


* Figures in parentheses refer to number of embryos alive on 13th day post-inoculation over 


total number of embryos used in test. 


basis than penicillin G, and 17 to 40 times 
more effective than streptomycin or aureomy- 
cin. 

Streptomycin and aureomycin in these tests 
were not significantly different in their effect 
and both were definitely less effective than 
erythromycin or penicillin G. 

Chloramphenicol and thiocymetin were not 
significantly different from each other in their 
_ effect at equi-molar concentrations. The delay 
in death afforded by these compounds at doses 
of 0.25-0.28 uM was probably not significant. 
Chloramphenicol at a dose of 2.5 »M however, 
gave a significant delay in mean death of 4.5 
days. Thiocymetin could not be tested at a 
dose higher than 0.28 »M since this is the 
maximum tolerated dose for chick embryos. 


Summary and discussion. Five broad 
spectrum antibiotics and chemotherapeutic 
agents have been tested for their relative effec- 
tiveness in suppressing L. icterohemorrhagiae 
infections in chick embryos. The drugs may 
be ranked in the following order of potency: 
erythromycin >penicillin G >streptomycin 
>aureomycin >thiocymetin >chlorampheni- 
col. These results indicate that erythromycin 
is potentially a valuable aid to leptospirosis 
therapy. This must be tested in experimental 


animals in comparison with penicillin and 
streptomycin before any more definite state- 
ment can be made. 


It is a pleasure to acknowledge the technical 
assistance of Hazel Parker, Edgar Pickens, and Mary 
Wicht. 
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Pepsin Secretion and Synthesis in vitro.* (20502) 


RAMON VILLARREAL.| 


(Introduced by Horace W. Davenport.) 


From the Department of Physiology, University of Utah College of Medicine, Salt Lake City, Utah. 


In vitro preparations of organs can be used 
to study secretion and synthesis of enzymes, 
and the purpose of the work reported here was 
to determine whether pepsin is synthesized by 
the isolated stomach. Edwards and Edwards 
(1) measured the secretion of pepsin by the 
toad gastric mucosa, but because they did not 
measure pepsin contained in the mucosa the 
synthesis of pepsin was not observed. Hokin 
(2) stated he was unable to obtain pepsin syn- 
thesis in vitro, but he gave no details. 

Methods. Stomachs of mice of the C57 
Black strain were used. They were prepared 
by the methods used for studying acid secre- 
tion in vitro which have been described in de- 
tail(3,4). The stomachs were filled to an in- 
ternal pressure of 25 or 50 cm H2O with 
_ isotonic, phosphate-buffered salt solution con- 
taining 20 mM glucose. They were placed 
in 4 ml of the same solution and incubated 
with shaking at 38°C under a pOs of 3200 mm 
Hg. After incubation the fluid within the 
stomach was removed, and its pH was meas- 
ured. Acid secreted was estimated by multi- 
plying the volume of the fluid by the number 
of micromoles of acid required to reduce the 
pH of a unit volume of the solution from 
its original to its final pH. The pepsin ac- 
tivity of the solution was measured after ad- 
justment to pH 2 by the hemoglobin method 
of Anson and Mirsky(5). In the course of 
analysis all pepsinogen was converted to pep- 
sin. The wet weight of the glandular portion 
of the stomach with the forestomach and the 
stumps of the duodenum and esophagus 
trimmed away was obtained. This tissue 
which consisted of both mucosa and muscu- 
laris was extracted by thorough grinding in 
0.1 M acetate buffer at pH 4.5, and pepsin 
content of the extract was measured after ad- 
justment to pH 2. Stomachs not incubated 
were also extracted. The analytical method 


* This investigation was supported by a research 
grant from the Division of Research Grants, National 
Institutes of Health, Public Health Service. 

+ Fellow of the Kellogg Foundation. 


was standardized using 2X _ recrystallized 
swine pepsin (Cudahy), and the results were 


expressed as mg pepsin per g wet weight of 
tissue. 


Results. Stomachs were filled to an internal 
pressure of 50 cm H.O and incubated for one 
hour in salt solutions containing various con- 
centrations of carbaminoylcholine. Their rates 
of pepsin secretion are shown in Fig. 1. At 
zero drug concentration there is a basal rate 
of secretion. This basal rate is stimulated in 
part by distention of the stomach and in part 
by unknown factors. The maximal rate of 
secretion occurs at a drug concentration of 
0.1 mg %, and at higher drug concentrations 
pepsin secretion falls toward the basal rate. 
The response of pepsin secretion to the para- 
sympathomimetic drug closely parallels the 
response of acid secretion(3) which has a basal 
rate at zero drug concentration, a maximal rate 
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FIG. 1. Stimulation by carbaminoylcholine of pep- 
sin secretion by mouse stomachs in vitro. Hach 
point represents the mean of 5 or more observa- 
tions. 
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PEPSIN SECRETION AND SYNTHESIS in vitro 


TABLE I. Pepsin Secreted by or Contained in Mouse Stomachs. (mg pepsin/g wet wt.) 


Total pepsin 
Hr of secreted, Pepsin in stomach, 
incubation Substrates mean + S.H.* mean + S.H.* 
0 —- — 12.5 + 4 
i Glucose 2.9 + 1 97+ 4 
4 ZF 5.4 + 3 54+ .3 
4 ” + easein hydrolysate == 5.6 ==".3 
4 s + amino acid mixture — 4.7 + 2 
Sd? 
* Stand. error of mean: ee ; 
VY n(n-1) 


at 0.1 mg % and which falls off at higher 
concentrations. In 30 instances in which rates 
of both acid and pepsin secretion were meas- 
ured on the same preparation the correlation 
coefficient between the variables was -++0.84. 

Atropine sulfate in concentrations of 0.01, 
0.1 or 1 mg % has no effect upon the basal 
rate of pepsin secretion, but when carbaminoyl- 
choline is also present these concentrations of 
atropine reduce the rate of pepsin secretion to 
the basal rate but not below it. Histamine in 
a concentration of 1 mg % increases the rate 
of pepsin secretion to about 50% above the 
basal rate. 

In order to determine whether pepsin is 
synthesized in vitro the sum of the amount of 
pepsin secreted and contained in the stomach 
after incubation was compared with the 
amount present in unincubated stomachs. Re- 
sults of these experiments are given in Table I. 
The pepsin content of stomachs not incubated 
is given in the first line. Stomachs filled to 
25 cm H;O internal pressure and incubated 
one hour in the presence of 0.1 mg % carba- 
minoylcholine and 20 mM glucose contained 
less pepsin at the end of incubation, but the 
sum of this pepsin plus that secreted equalled 
that in the control stomachs. To see whether 
the total pepsin would increase during a 
longer period of incubation stomachs were in- 
cubated under the same conditions for one 
hour, emptied, refilled and again incubated 
for an hour. The process of emptying and re- 
filling was repeated for a total of 4 hours, and 
the total pepsin secreted and contained in the 
stomach was measured. The amount secreted 
in the 4 successive hours was 2.9, 1.2, 0.7 and 
0.6 mg per g wet weight. The sum of that 
secreted and contained in the stomach was 


less than that present in the control stomachs. 
The differences can be accounted for by the 
losses occurring during the process of empty- 
ing and refilling. It is clear that no synthesis 
of pepsin from endogenous precursors occurred. 
The experiments were repeated with two dif- 
ferent amino acid mixtures added to the 
incubation fluid. These were 0.2% of a tryp- 
tic digest of casein and a 0.15% mixture of 
the 19 amino acids occurring in pepsin(6) 
made up in the proportion in which they exist 
in the enzyme. Because it is not possible to 
use the Anson and Mirsky pepsin method on 
solutions containing tyrosine and because other 
pepsin methods are not sufficiently sensitive 
or accurate, the pepsin secreted in the presence 
of the amino acid mixtures could not be meas- 
ured. In neither instance was the amount of 
pepsin found in the stomach at the end of 4 
hours incubation greater than that found when 
only glucose was the substrate. 

Discussion. Mouse stomachs contain an 
average of 12.5 mg pepsin per g wet weight. 
The tissue on which the weight was determined 
is approximately 56% mucosa and 44% 
muscularis(7). Therefore the pepsin content 
of the mucosa is about 23 mg per g wet weight. 
This is much higher than the figure of 6.4 mg 
per g wet weight for swine fundic mucosa 
derivable from the figures given by Herriott 
(8). The dry weight to wet weight ratio of 
the mouse stomach is 0.25, so that about 9% 
of the solids of the mucosa is pepsin or pep- 
sinogen. 

The conditions under which the stomachs 
were incubated are optimal for acid secretion 
(3), but they are not adequate for pepsin 
synthesis. Pepsin may not be synthesized be- 
cause the chief cells are damaged by the in 


PEPSIN SECRETION AND SYNTHESIS in vitro 


vitro conditions or because the correct pre- 
cursors were not supplied. The facts that the 
parietal cells function under these conditions 
and that the histological appearance of the 
stomach is good after incubation(9) make it 
doubtful that the chief cells are seriously in- 
jured. Hokin(2) in the same paper in which 
he notes he was unable to obtain pepsin syn- 
thesis shows that a mixture of amino acids or 
0.2% casein hydrolysate supports enzyme syn- 
thesis by pancreatic slices in vitro. The 
stomach may require more complex substances 
than amino acids for pepsin synthesis, but 
there is no evidence indicating the nature of 
_ these requirements. 

The fact that pepsin synthesis does not 
occur under the conditions described has an 
important bearing on the calculation of the 
efficiency of gastric acid secretion. The oxy- 
gen consumption and acid secretion by mouse 
stomachs have been measured under nearly the 
same conditions(10). The efficiency of the 
_ acid-secreting process in terms of moles of 
hydrogen ions secreted per mole of oxygen used 
for acid secretion has been calculated from the 
observed increases of both variables upon 
stimulation by 0.1% carbaminoylcholine. The 
efficiency has been found to be about 2 moles 
of acid per mole of oxygen. If some of the 
additional oxygen used after stimulation of the 
stomach were used for pepsin synthesis rather 
than for acid secretion the calculated efficiency 
would be lower than the true efficiency. Be- 
cause no pepsin is formed, no correction need 
be applied for the process. However, pepsin 
secretion is stimulated by the drug, and if any 
appreciable amount of oxygen is used for pep- 
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sin secretion the calculated cost of acid secre- 
tion should be corrected for this. 


Summary. Pepsin secretion and synthesis 
by mouse stomachs was studied in vitro. There 
is a basal rate of pepsin secretion, and carba- 
minoylcholine stimulates additional secretion. 
At the optimal drug concentration of 0.1 mg 
% the rate of secretion is 300% of the basal 
rate. Atropine inhibits the additional secre- 
tion caused by carbaminoylcholine but not the 
basal secretion. Histamine slightly stimulates 
pepsin secretion. The stomachs were supplied 
with amino acid mixtures, but no pepsin syn- 
thesis could be found. The implications of 
failure to find synthesis are discussed. 
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Priming the Anestrous Cat for Reflex Discharge of Pituitary 
Ovulating Hormone.* (20503) 


CHARLES H. SAWYER AND JOHN W. EVERETT. 
From the Departments of Anatomy, University of California at Los Angeles and Duke University 
Medical Schools, and the Investigative Medicine Service, Veterans Administration Hospital, 
Long Beach, Calit., 


The female cat, like the rabbit, ferret, mink 
and several other species, does not ordinarily 
ovulate spontaneously, but only after mating. 
Copulation in these forms initiates a reflex 
discharge of ovulating hormone from the 
adenohypophysis, which in turn leads to rup- 
ture of ovarian follicles. Although the nerv- 
ous pathways involved in this reflex are in- 
completely understood, Greulich(1) demon- 
strated that in estrous cats prodding the uter- 
ine cervix with a glass rod was an effective 
stimulus for inducing ovulation. 

In studies of neural control of the hypo- 
physis and ovulation, although the rabbit has 
a number of advantageous characteristics that 
have resulted in its extensive use, the cat ap- 
pears to have certain special advantages of 
its own as an experimental animal. Stereo- 
taxic coordinates of the cat brain are available 
(2), the brain withstands lesions very well, 
and the behavorial afterreaction to vaginal 
stimulation in the estrous cat leaves no doubt 
that stimulation of higher nerve centers has 
been achieved. Unfortunately, however, the 
cat stays in heat for only a few days at a 
time, and for a long period from July to 
January(3), it remains completely anestrous. 
Earlier workers(4-6) using female sex steroids 
have induced estrous behavior in the anestrous 
cat without reference to ovulation. Others 
(7-11) have induced ovulation directly with 
the use of pituitary and placental gonadotro- 
phins without involving nervous mechanisms, 
The present problem has been to prime the 
animal in such a way that neurogenic stimula- 
tion of her own hypophysis is necessary to 
induce ovulation. Only thus can ovulation be 
considered an indicator of successful stimula- 
tion of the hypophysis. 


* These studies were aided by a contract between 
the Office of Naval Research, Department of the 
Navy and the University of California at Los 
Angeles School of Medicine (NR 113-223) 


The results are summarized in Table I. 
Estrogen refers to estradiol benzoate (0.83 
mg/ml in oil)+t and PMS to equine gonado- 
trophin (Anteron).t The vaginal stimulus 
was produced by several thrusts of a blunt 
glass rod, 5 mm in diameter, to the uterine 
cervix. Estrus implies that the cat not only 
raised her pelvis, deflected her tail and treaded 
in response to prodding the perineum, but that 
she responded to vaginal stimulation by a 
typical afterreaction—violent rolling, licking 
the vulva and rubbing the head and neck 
on the side of the cage. 

Twelve cats received estrogen alone in di- 
vided subcutaneous doses totalling less than 
0.3 mg over several days. While ‘this resulted 
in complete behavioral estrus in 9 cats, lap- 
arotomy revealed ovarian stimulation in not 
one animal. Equine gonadotrophin in sub- 
cutaneous doses of 50 I.U. each on 2 consecu- 
tive days failed to stimulate either estrous 
behavior or ovulation in 5 cats. Incidentally, 
higher dosages of PMS (100 I.U.) on 3 suc- 
cessive days induced ovulation in 2 cats, inde- 
pendently of nervous stimulation, confirming 
Windle’s(11) report. Fifteen cats received 
a standard regime of 0.04 mg estrogen and 
50 I.U. PMS for 2 days and 0.08 mg estrogen 
alone on the third day without ovulating. They 
generally appeared to be in heat but were not 
given vaginal stimulation. Five similarly 
treated animals were subjected to vaginal 
stimulation without provoking an afterreac- 
tion and none ovulated. However, of 16 
anestrous cats treated in this way and respond- 
ing to cervical stimulation with the typical 
afterreaction, 9 out of 16 ovulated, presum- 
ably as a result of reflexly induced discharge 
of their own pituitary gonadotrophin. 

In searching for the reason why the other 
7 females did not ovulate, histological sections 


t Kindly supplied by the Schering Corp., New 
Brunswick, N. J. 
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TABLE I. Effects of Estrogen and/or PMS in the Anestrous Cat on the Onset of Heat and 
Induction of Ovulation by Vaginal Stimulation. 


Treatment————_——_—_, No. of cats 
No. of Vaginal reaching Ovulation 
cats Estrogen PMS stimulus estrus No. % 
Anestrous 
12 + — + 9 0 0 
5 — + =f 0 0 0 
15 et hi ae res 0 0 
5 ae ie ar 0 0 0 
16 ae of aie 16 9 56 
Estrous 
10 — = + 10 5 50 
were made of several of the anovulatory ov- Summary. The results indicate that the, 


aries. The latter contained unusually large 
follicles, more than 4 mm in diameter in 5 
of the 7 cats and actually cystic in 2. The 
enlarged follicles revealed a thin granulosa, 
perhaps beyond the stage of responsiveness to 
ovulating hormone, In the ovulating animals 
some of the larger follicles luteinized without 
rupturing. The conditions recall the situation 
in which follicles overgrown in response to 
FSH failed to rupture in response to LH(9). 


We have recently had the opportunity of 
observing cats in naturally occurring estrus 
and we have had similar results with them 
(Table I). Five out of 10 failed to ovulate 
in response to vaginal stimulation, and ex- 
amination of their ovaries revealed similarly 
hypertrophied, almost cystic ovaries. Others 
(12,1) have reported that actually mating the 
cat does not insure ovulation under laboratory 
conditions. Perhaps left to her own devices 
in nature the female cat seeks out the male 
at the appropriate stage in the growth of her 
follicles, but under laboratory conditions the 
stimulus may arrive too late. 


Estrogen without PMS is an effective prim- 
ing agent for neurogenic stimulation of ovula- 
tion in the rat(13) and the rabbit(14). In 
anestrous sheep it has also been reported(15, 
16) that injection of estrogen will often in- 
voke ovulation. Possibly in the anestrous cat 
estrogen likewise facilitates hypothalamo- 
hypophyseal mechanisms, but the ovary can- 
not respond until growth of its follicles has 
been promoted by PMS. 


nervous-pituitary-ovarian conditions of the 
estrous cat may be simulated by estrogen- 
PMS priming, and that cats in such artificial 
estrus may be employed as favorable material 
in experimental studies on nervous control of 
the adenohypohysis. 
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Propagation of St. Louis Encephalitis Virus in Cells of the Ehrlich 


Ascitic Tumor of Mice.* 


(20504) 


F. S. CHEEVER AND JAMES DICKOs. 
From the University of Pittsburgh, Graduate School of Public Health, Pittsburgh, Pa. 


Koprowska and Koprowski(1) described 
the morphological and biological changes in 
the Ehrlich ascitic carcinoma of mice follow- 
ing infections induced with ceratin neurotropic 
viruses. These investigators have confirmed 
and extended these observations(2) with par- 
ticular emphasis on the oncolytic action of 
the Bunyamwera virus after invasion of the 
malignant cells. This new experimental host- 
virus system has been employed by Ackerman 
(3) to propagate a neurotropic strain of In- 
fluenza A virus in serial passage. Price and 
Ginsberg(4) have demonstrated that infection 
of the ascitic tumor cells with Newcastle dis- 
ease virus (NDV) resulted in a marked inhi- 
bition of growth of the malignant cells in the 
absence of demonstrable virus multiplication. 
In the course of their work with neurotropic 
viruses, Koprowska and  Koprowski(2) 
showed that St. Louis encephalitis virus ap- 
peared in high titer in the ascitic fluid follow- 
ing infection although no consistent oncolytic 
effect was observed. The present communica- 
tion reports the results of experiments dealing 
with the determination of the optimal condi- 
tions for the propagation of St. Louis en- 
cephalitis virus in the cells of the Ehrlich 
ascitic carcinoma, and the results of attempts 
to propagate the viral agent in these cells in 
serial passage. Some evidence bearing on the 
possible oncolytic action of SLE virus is 
presented. 

Materials and methods. 1. Virus. The 
Webster strain of St. Louis encephalitis virus 
was employed in these experiments. Its LDso 
titer approximated 10*-° when titrated in 3-4 


week old mice by the intracerebral route of’ 


inoculation. 2. Tissue. The Ehrlich ascitic 
carcinoma(5) was obtained through the cour- 
tesy of Dr. J. C. Snyder. Prior to its use in 
these experiments it was carried through 15 


* This investigation was supported in part by the 
Medical Research and Development Board, Office 
of the Surgeon General, Department of the Army 
under Contract No. DA-49-007-MD-382. 


serial mouse passages in our laboratory. For 
each passage ascitic fluid was removed from 
3-6 mice inoculated 10-18 days previously. 
These fluids were pooled and diluted 107 in 
buffered saline or 0.2% bovine albumin broth. 
Each mouse received an intraperitoneal inocu- 
lum of 0.1 ml of this diluted ascitic fluid. The 
cell count of this inoculum (0.1 ml) approxi- 
mated 100,000. 3. Mice. Adult Swiss white 
mice (Tumblebrook and CFW strains) were 
employed for the propagation of the ascitic 
tumor. Three 4 week old mice of the same 
strains were used in the virus titrations. No 
difference in the behavior of these 2 strains of 
mice has been noted. 4. Determination of 
viral content of infected tumor cell suspen- 
sions. Ascitic fluid was removed from at 
least 3 mice, pooled, quick frozen and stored 
in the COz cabinet. After thawing, the ascitic 
fluid was centrifuged at 30,000 or 35,000 rpm 
at 4°C for 30 minutes. Since preliminary 
experiments had shown that the sedimented 
tumor cells contained approximately 10 times 
as much virus as the supernatant ascitic fluid, 
the latter was discarded. The sedimented 
tumor cells were washed 1-3 times in buffered. 
saline or 0.2% bovine albumin broth and re- 
centrifuged after each washing. After the 
final centrifugation the packed cells were 
diluted with 10 times their volume of 0.2% 
bovine albumin broth. The resulting sus- 
pension of tumor cells was quick-frozen 
and. stored in the COs. cabinet until 
infectivity determinations could be carried 
out. At this time the tumor suspensions were 
thawed and after the addition of sterile alun- 
dum were ground by means of a chilled mor- 
tar and pestle. The resulting suspension was. 
centrifuged at 8,000 rpm at 4°C for 15 min- 
utes, and the supernatant fluid was drawn off 
and passed through a Seitz EK filter. The cell 
free filtrate was tested for infectivity by intra-- 
cerebral inoculation of suitable 10-fold dilu-. 
tions into 3-4 week old mice. The diluent. 
employed was 0.2% bovine albumin broth. 
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TABLE I. LD, Titer of SLE Virus. 
_———— ————————————  ———————————OOOEOEEEEO———————— 


Age of tumor 
at time of viral 


Day after inoculation of SLE virus 
4 


inoculation 1 2 6 8 10 12 14 
0 RO 3.3 4.5 COBY IAD AO aD) =| 
(simultaneous) 
1 <ellls() otal 5.4 4.4 5.0 4.3 — 3.2 
2 3.4 2.4 5.5 4.9 4.4 4.6 3.7 == 
4 4.7 6.3 6.0 5.6 5.5 4.5 4.0 — 
6 4.6 4.7 5.4 4.6 5.2 3.2 2.4 = 
8 4.6 4.2 5.2 3.6 3.2 3.2 — — 
10 2.2 2.7 3.1 3.5 2.4 — — = 
14 1.8 3.4 4.2 


* Logarithm of reciprocal of LD;, dilution. 


t+ Not tested. 


and each mouse received an inoculum of 0.03 
ml. Six mice were inoculated with each dilu- 
tion and the LD;o titer was determined by 
the method of Reed and Muench(6). Sur- 
viving mice were observed for 12 days. 5. 
Cytological technic. Cell counts were carried 
out on various samples of ascitic fluid by 
means of a standard hemocytometer. One 
percent methylene blue was used as diluent. 
Only tumor cells were counted. Smears of 
viral infected and control ascitic tumor cells 
suspensions were prepared, fixed in formalin 
and stained with hematoxylin and eosin. 
Plan of experiment and results. In the first 
experiment 200 adult mice were inoculated 
intraperitoneally with 0.1 ml of a 10° dilu- 
tion of ascitic fluid and then divided into 
several groups. Mice of the first group re- 
ceived an immediate intraperitoneal injection 
of 0.1 ml of a 10° dilution of SLE virus. 
Other groups of mice were similarly injected 
‘with virus 1, 2, 4, 6, 8, 10 and 14 days after 
the inoculation of ascitic fluid, respectively. 
At regular intervals thereafter, mice from each 
group were sacrificed, the ascitic fluid removed 
and pooled, and the viral content of the cen- 
trifuged cells determined. In the event that 
no ascitic fluid could be obtained the peri- 
toneal cavity was washed out with 3 ml of 
0.2% bovine albumin broth. The results 
(Table I) show that in the case of mice inocu- 
lated simultaneously with tumor cells and 
virus an increase in the viral activity of the 
peritoneal washings or ascitic fluid could be 
demonstrated over a period of 4 days. Similar 
results were obtained in the case of mice 
inoculated with virus 1, 2, and 14 days after 
the implantation of tumor cells. Mice inocu- 


lated with virus 4, 6, 8 and 10 days after im- 
plantation of the tumor cells showed high 
titers 24 hours after inoculation, and no 
further significant increase could be demon- 
strated. Mice implanted with tumor cells 4 
days before inoculation of a virus yielded the 
highest titers. As a general rule there was a 
decrease in viral titer after the 8th or 10th 
day following inoculation. 

In the second experiment, 6 mice injected 
6 days previously with the ascitic tumor were 
inoculated intraperitoneally with 0.1 ml of 
a 107 suspension of SLE virus which had an 
LDso titer of approximately 10% when tested — 
in mice by the intracerebral route of inocula- 
tion. Four days later all the mice were sacri- 
ficed and the ascitic fluid was removed. These 
fluids were pooled and an aliquot was removed 
and diluted to prepare a 10° suspension. Six 
mice inoculated 6 days previously with the 
tumor were injected with 0.1 ml of this 
diluted suspension. The remaining pooled 
fluid was ampuled and shell frozen for subse- 
quent determination of infectivity titer. This 
procedure of continuous serial passage at 4 
day intervals was repeated through 14 pas- 
sages. The tumor cells of passages 1-5, 10 
and 14, respectively, were washed, ground and 
filtered and the infectivity of the resulting 
filtrates determined. The results are sum- 
marized in Table II. Passages 1-5 revealed 
an LD; titer of approximately 10°-°. In 
passages 10 and 14 the infectivity titer had 
increased by one log to approximately 10°. 

In the third experiment, 35 adult mice were 
each injected with 0.1 ml of a 10° dilution 
of ascitic fluid. Four days later 17 of these 
mice received an intraperitoneal injection of 
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TABLE II. LD, Titer of SLE Virus Propagated 
in Serial Passage. 


Passage 

No. LDs5o 
1 5.0 * 
2 5.3 
3 5.7 
+ 5.6 
5) 5.7 

10 6.6 

14 6.6 


* Logarithm of reciprocal of LD;, dilution. 


a 10° dilution of SLE virus. The remaining 
18 mice were left as controls. Both groups 
of mice were observed for signs of encephalitis 
and for the development of ascitic tumors. 
No deaths were observed which could be 
ascribed to viral infection. All mice of both 
groups gradually developed abdominal disten- 
tion, and all died from the effect of the 
ascitic tumor. The mean survival time of the 
control group was 20 days after inoculation 
of the original ascitic fluids, as compared to 
25 days in the group of mice injected with 
virus 4 days after the inoculation of tumor. 
This difference in mean survival time sug- 
gested the possibility that the virus might be 
exerting some oncolytic effect. 


In the fourth experiment 23 adult mice 
were injected with 0.1 ml of a 10° dilution 
of ascitic fluid. Four days later 12 of the 
mice were injected intraperitoneally with 0.1 
ml of a 10° dilution of 14th passage SLE 
infected ascitic fluid. The mean survival time 
of the two groups of mice was identical—viz.: 
19 days after the inoculation of the original 
ascitic fluid. Five of the mice inoculated 
with 14th passage SLE infected ascitic fluid 
died with encephalitic signs within a period 
of 9-11 days after this inoculation. If these 
animals are eliminated the mean survival time 
of the 7 mice which died due to the effects of 
the tumor was 25 days, somewhat longer as 
compared to the control group. Eleven ad- 
ditional mice were injected with 0.1 ml of the 
10~ dilution of the 14th passage SLE infected 
ascitic fluid alone. Of these, 3 died with en- 
cephalitic signs presumably due to the effect 
of the virus on the 8th, 9th and 11th days 
after injection respectively; 3 gradually de- 
veloped abdominal distention and ultimately 
died as a result of the tumor on the 25th, 25th 
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and 47th day, respectively, while 5 survived 
throughout the 90-day observation period 
without developing any sign of tumor forma- 
tion. 

Although cell counts made on pools of as- 
citic fluid drawn from viral infected and con- 
trol animals have shown consistently fewer 


cells in the former group the differences noted | 


have not been dramatic. Furthermore, no 
significant differences have been noted be- 
tween normal and viral infected tumor cells 
upon microscopic examination. 


Discussion. The results of these experiments 
confirm the original observation of Koprowska 
and Koprowski(2) that the virus of St. Louis 
encephalitis multiplies in the cells of the Ehr- 
lich mouse carcinoma. In addition, the SLE 
virus has been propagated without difficulty 
in serial passage in this ascitic tumor, and 
consistently high yields of virus have been 
obtained. Within broad limits the age of the 
tumor at the time of viral inoculation has not 
affected the final viral titer obtained to any 
significant degree although mice implanted 
with tumor cells 4 days before inoculation of 
the agent yielded the greatest amount of virus 
over the longest period of time (8-10 days 
after inoculation of the virus). 


In the description of their experiments on 
the effect of certain neurotropic viruses upon 
Ehrlich mouse carcinoma Koprowska and 
Koprowski(2) described the results with SLE 
virus aS equivocal in that a marked and con- 
sistent oncolytic effect could not be demon- 
strated although the virus was present in the 
ascitic fluid in high concentration. The re- 
sults of the experiments reported in this paper 
are substantially in accord with these obser- 
vations. Although no direct microscopic evi- 
dence of damage to the tumor cells as a result 
of viral infection was obtained, the fact that 
tumor bearing mice subsequently inoculated 
with virus tended to survive longer than con- 
trol animals suggested that the virus was ex- 
erting some oncolytic effect. Additional evi- 
dence on this point was furnished by the low- 
er tumor cell counts in viral infected animals, 
and by the fact that some mice inoculated 
with viral bearing tumor cells failed to de- 
velop ascitic tumors during the period of ob- 
servation although all control animals did.+ 
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The SLE virus appears to be one which para- 
sitizes the tumor cells and proliferates readily 
while exerting no more than a slight oncolytic 
effect at best on the malignant cells in the 
process. 

Summary. The virus of St. Louis encephal- 
itis has been propagated in serial passage in 
the Ehrlich carcinoma of mice. The optimal 
conditions for the multiplication of the agent 


t Preliminary comparative Warburg studies car- 
ried out by Dr. Robert E. Olson on normal and 
viral infected tumor cells have shown no significant 
differences in endogenous metabolism, or in exo- 
genous metabolism when the following substrates 
were added: pyruvate, lactate, succinate or glucose. 


Consideration of Dose-Weight Relationships. 


Davin P. RALL AND WILLIAM C. NortTH. 
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have been determined and relatively high viral 
titers have been obtained in the ascitic fluid. 
Some evidence suggesting a slight oncolytic 
effect has been obtained. 
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(Introduced by J. A. Wells.) 


From the Department of Pharmacology, Northwestern University Medical School, Chicago, IIl. 


Susceptibility of individual animals to the 
action of a drug is frequently expressed in 
terms of the dose required to produce a given 
effect. With some drugs this dose varies in 
a systematic fashion with the weight of the 
animal. It has become common practice to 
express dose as a linear function of body 
weight (mg/kg) in an effort to remove this 
source of systematic variation. That such a 
correction implies a direct proportionality be- 
tween dose and weight of animal is not gen- 
erally recognized, in spite of the fact that the 
inadequacies of this correction have been 
emphasized(1-5). Moreover, application of 
this correction to relationships other than a 
direct proportionality serves only to trade 
one type of systematic variation for another. 
Occasionally, this correction term has been 
applied when none was indicated, and errone- 
ous interpretations of the influence of weight 
on susceptibility have resulted. 


An example of the inappropriate use of the 
linear correction factor may be found in the 
susceptibility of wild Norway rats to alpha- 
naphthyl-thioureaa (ANTU). Adequate data 
have been presented on this(6) to allow in- 
vestigation of the dose/weight relationships. 


On examining these data (Table I) it is 
apparent that the LD;o in mg/kg varies with 
weight, and in a systematic fashion. In the 
last column is found the LD; in mg/animal 
for each weight group which we have calcu- 
lated as the product of mean weight and LD5» 
in mg/kg. These values, in contrast to the 
LDs;o’s in mg/kg, are relatively constant and 
show no systematic variation related to body 
weight. The mean LD5o is 2.63 mg/animal 
with a coefficient of variation of 15.6%. The 
comparable index of variation for the LD5»’s 
in mg/kg is 83.3%. The slope constant of 
the regression of LD» in mg/animal on body 


TABLE I. 

Toxicity of ANTU for Wild Norway Rats. 

Mean wt* LD; +S8S.H.* LD,5ot 

No. rats* (kg) (mg/kg) (mg/animal) 

24 .039 58 + 4.4 23 
40 081 43° + 5.7 3.5 
35 Abi 22 + 3.2 2.5 
22 140 Wepre ai 2.5 
29 BO 16+ 9 2:7 
36 .263 81+ 9 2 
82 348 qt 1.0 2.7 
56 448 6:22: .6 2.8 


* From Dieke and Richter. 
+t Caleulated as product of mean wt and LD; in 
mg/kg. 
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weight is not significantly different from zero; 
and the line may be regarded as horizontal 
with the intercept (2.63 mg), representing an 
estimate of the LD; 9 in mg/animal for all 
weight groups. Thus, it is evident that the 
toxicity of ANTU for wild Norway rats is 
expressed with less variation as dose/animal 
than dose/unit weight of animal, and the use 
of the customary correction for body weight 
(mg/kg) in expressing the LD;9 introduces 
systematic variation between weight groups. 
These data, presenting only mean body 
weight and LD; in mg/kg with its standard 
error, allow no estimation of the intra-group 
variation of the LDs» in mg/rat as obtained by 
calculation. It seemed of interest, therefore, 
to determine the resistance of rats of differing 
weight to ANTU and to administer the drug 
on a dose per animal basis. This permits 
estimation of variation within weight groups 
and also obviates any inaccuracies in convert- 
ing an LD5» in mg/kg to LD5o in mg/animal. 
Adult male Sprague-Dawley albino rats 
were placed according to body weight into 8 
groups with a range of about 40 g in each 
group. The dose of ANTU, dissolved in 1 cc 
of propylene glycol, was injected intraperi- 
toneally, 5 doses for each group. All animals 
not dead by 24 hours were classified as sur- 
_ vivors. The LD; 9 in mg/animal and the 95% 
confidence limits were determined for each 
weight group by the method of Litchfield and 
Wilcoxon(7). In addition, the LDs5 9’s in 
mg/kg were obtained by the same method. 
The mean weight for each group was used to 
determine each of the 5 mg/kg doses. 


Results. As may be seen from the data in 
Table II, the LDso’s in mg/animal show no 
systematic variation and they all lie within the 
95% confidence limits of each other. The 
mean value is 0.98 mg/rat and the coefficient 
of variation is 5%. The LD; in mg/kg varies 
from 6.80-2.15, consistent with data presented 
in other reports(6,8),-and coefficient of varia- 
tion of these values is 60%. The slope con- 
stant of the regression of LD; in mg/rat on 
body weight (0.00011) is not significantly dif- 
ferent from zero, and again the regression line 
may be considered horizontal with the inter- 
cept (0.98) providing an estimation of the 
LDs5o. Thus, for the albino, as well as the 
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TABLE II. Toxicity of ANTU for Albino Rats. 


No. Mean wt Dee en 

rats (kg) mg/animal LD; in mg/kg 
42 154 1.02 (.79-1.31)* 6.80 (5.40-8.57) * 
64 207 .90 (.76-1.06) 4.33 (8.80-4.94) 

123 246 91 (.74-1.12) 3.73 (3.11-4.48) 
92 282 .98 (.84-1.14) 3.50 (2.97—-4.13) 
52 324 1.04 (.85-1.24) 3.48 (2.78-4.35) 
49 363 .99 (.79-1.25) 2.78 (2.06-3.75) 
58 407 1.00 (.86-1.16) 2.60 (2.18-3.09) 
28 443 97 (.80-1.18) 2.15 (1.79-2.58) 


* 95% confidence limits. 


wild Norway rat, the dose of ANTU necessary 
to kill 50% of the animals is independent of 
body weight and may be properly expressed 
as mg ANTU /animal. 

Discussion. The use of an improper weight 
correction factor has in this instance led to the 
erroneous conclusion that there is marked age 
and weight variation in the susceptibility of 
wild Norway rats to ANTU. Instead of re- 
moving body weight as a source of systematic 
variation; this correction has actually added 
it. It seems appropriate, therefore, to con- 
sider what constitutes a proper correction of 
dose for body weight. The first requirement 
for this correction is that it should minimize 
variation in effective dose between animals 
grouped according to weight as compared to 
variation within these weight groups. Further, 
variation in effective dose between weight 
groups must be random and not related to 
body weight. This obtains if there is no sig- 
nificant regression of corrected effective dose 
on body weight. 


The correction factor may be determined 
from experimental data by deriving an equa- 
tion that satisfactorily relates amount of drug 
necessary to produce a given effect to weight 
of animals. In general, if LD5o’s are plotted 
against mean weight of the animal groups, a 
smooth curve will be obtained. Since this 
relationship usually is curvilinear, rectification 
is necessary. For many drugs, the empirical 
procedure of plotting log dose against log 
weight will adequately rectify the data. This 
relationship may be expressed by the. equa- 
tion: dose = (a) weight‘), The value of the 
exponent (b) represents the slope of the line 
from the double log transformation, and (a) 
represents the intercept constant by which the 
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dose is multiplied to remove the variation due 
to weight. The correction factor, therefore, 
is 1/a weight”. There are numerous instances 
in which dose of drug is proportional to a 
power of body weight(2,3,9-11). If the 
value of (b) is unity, then a direct propor- 
tionality exists and the customary mg/kg cor- 
rection is proper(12,13). If (b) is zero, then 
the correction factor becomes unity and dose 
is independent of body weight. This is illus- 
trated by the data of ANTU in albino rats 
for which it can be shown that Y = 0.98 


weight 0.03 = 0.06 | 

Summary. The toxicity of alpha-naphthyl 
thiourea for both wild pigmented and labora- 
tory albino rats, when expressed as a dose per 
animal, appears to be constant over a wide 
age and weight range. The use of the custom- 
ary mg/kg correction for body weight intro- 
duces marked systemic variation. The re- 
quirements for a proper correction factor of 
dose for weight of animal are considered and 
. it is suggested that this factor should minimize 
variation in effective dose between groups of 
animals of different weights and make cor- 
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rected dose independent of body weight. 
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Effect of Phenylbutazone (Butazolidin) on 'Renal Excretion of 


P-Aminohippurate and Thiosulfate in the Dog.* 


Mary ELizaBETH KING.t 


(20506) 


(Introduced by A. Gilman.) 


From the Department of Pharmacology, College of Physicians and Surgeons, Columbia University, 
New York City. 


This study of the effect of phenylbutazone? 
on the renal tubular transport of p-aminohip- 
purate (PAH) and thiosulfate was prompted 
by a report that the drug produced a striking 
diminution in the serum uric acid of patients 


* This work was supported by a research grant 
from the National Institute of Health, Public Health 
Service. ( 

+ Public Health Research Fellow of the National 
Institute of Health. 

Present address; Army Medical Research Labora- 
tory, Fort Knox, Ky. ° 

+ Butazolidin was generousiy supplied by the Ma- 
sonic Foundation for Medical Research and Human 
Welfare. 


with gout(1). It seemed possible, therefore, 
that the drug might be a uricosuric agent. If 
so, it would be of interest to determine whether 
it resembles p-(di-n-propylsulfamy]) -benzoic 
acid (Benemid), which blocks PAH but not 
thiosulfate transport, or 4’Carboxyphenylme- 
thanesulfonanilide (Caronamide) which blocks 
both PAH and thiosulfate(2). Subsequent re- 
ports as to the uricosuric activity of phenyl- 
butazone are conflicting. One group of in- 
vestigators states that there is “no marked 
increase in urinary excretion of urates’’(3) 
while another believes that the drug “usually 
increases urinary excretion of urates’’(4). 
Phenylbutazone has also been said to inhibit 
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TABLE I. Effect of Butazone and Sodium Acetate on Tm PAH and T thio. 


Clearance Tie t Tm PAH 

Exp. Sex Drug* period Cor Crnro/Cor (mg/min.) Cran/Cort (mg/min.) 
A a None i 26 Alea kr 1.6 1.42 7.0 
Butazone 3 11 1.28 12 98 eo) 
e 4 18 1.38 2.7 1.09 2.2 
B @ None Lo eee 1.45 5.8 
Butazone 3,4 42 1.07 1.8 
Butazone 5,6 43 1.18 5.9 

& acetate 


* Prime: 50 mg/kg. Sustain: 50 mg/kg/hr. 


t Tinto (tubular transport) is used rather than Tm because tubular resorption may occur 
concomitantly with secretion. Therefore, Tiy;. is not necessarily a maximum. 


t PAH considered 92% filterable. 


the excretion of p-aminosalicylic acid(5). 

It has previously been shown that a rapid 
infusion of isotonic acetate increases the renal 
secretion of PAH (6) and is capable of revers- 
ing the inhibition of tubular transport caused 
by Caronamide(7). It was found in this 
study that phenylbutazone did block PAH 
transport; therefore, the effect of Na acetate 
on this inhibition was investigated. 

Methods. All experiments were performed 
on anaesthetized dogs, 5 males and 3 females. 
Male dogs were chosen because of their ability 
to secrete much larger amounts of thiosulfate 
than normal females. The dogs were fasted 
for 18 hours. During this period, water was 
allowed ‘as desired. After the intravenous in- 
jection of an initial priming dose of creatinine, 
thiosulfate and PAH, these substances were 
continuously infused at a rate appropriate for 
the maintenance of the desired serum levels. 
The level was around 20-30 mg/100 cc in the 
case of thiosulfate and creatinine and 50 mg/ 
100 cc for PAH. Clearance periods of 20 
minutes were used after an initial equilibra- 
tion time of 30 minutes. Urine was collected 
by means of an indwelling catheter and the 
bladder flushed with 15 cc of distilled water 
at the end of each period. Blood samples were 
drawn from the jugular vein at the midpoint 
of each clearance period without correction for 
kidney to bladder delay. After 2 control 
periods, a priming dose of Phenylbutazone (50 
mg/kg) was given intravenously and subse- 
quently the drug was incorporated into the 
sustaining infusion (50 mg/kg/hr). Na ace- 
tate was given as an isotonic solution at the 
rate of 10 cc/min. Creatinine was determined 
by the method of Folin and Wu(8); PAH by 


the method of Smith e¢ al.(9); and thiosulfate 
by the method of Gilman, Philips, and Koelle 
(10) with the modification of Elliott and Scott 
(11) for analysis in the presence of PAH. 
Results and discussion. The initial priming 
dose of phenylbutazone produced a clear-cut 
fall in the ratio Cpan/Co, in all the dogs 
studied. In 6 experiments the clearance ratios 
of the control period as compared to that of 
the experimental period fell as follows: 1) 1.52 
to 1.06 2) 1.28 to 0.88 3) 1.49 to 0.94 4) 1.42 
to 0.98 5) 1.45 to 1.07 and 6) 1.86 to 1.13. 
Occasionally there was a small rise in TmPAH 
(averaging less than 2 mg/min) during the 
second period after the priming solution was 
given. This occurred despite the sustaining 
dose of drug. A representative experiment is 
shown in Table I, Exp. A. The data indicate 
that phenylbutazone inhibits the tubular trans- 
port of PAH. 
Secretion of thiosulfate in excess of filtra- 
tion and concomitant resorption continued 
unchanged or slightly increased. Thus, in 
dogs, phenylbutazone blocks the secretion of 
the organic acid, PAH, but not that of the 
inorganic anion, thiosulfate. In this, it re- 
sembles Benemid as well as 2,4 dinitrophenol 
and dehydroacetate(2). Unlike Caronamide, 
the drug does not affect thiosulfate secretion. 
In 2 experiments a rapid infusion (10 cc/ 
min) of approximately physiological concen- 
trations of NaHCO; and NaCl was given 
throughout the control and first 2 phenylbuta- 
zone periods. Following this, isotonic Na 
acetate was substituted for 2 periods. In one 
dog, the initial TmPAH averaged 15.5 mg/ 
min and dropped to 6.4 mg/min after phenyl- 
butazone. During the simultaneous infusion 
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of acetate (4 mEq/kg/hr), the TmPAH rose 
from 6.4 mg/min to 12.3 mg/min. In another 
animal, the control Tm was 5.8 mg/min. It 
dropped to 1.8 mg/min after phenylbutazone 
was given and rose to 5.9 mg/min after the 
administration of Na acetate (8.9 mEq/kg/ 
hr). (See Table I, Exp. B). Thus, it would 
seem that the rapid intravenous infusion of Na 
acetate will partially or wholly reverse phenyl- 
butazone inhibition of TmPAH as measured 
-by clearance studies. It has previously been 
shown to reverse Caronamide inhibition. 

In the first experiment, intravenous phenyl- 
butazone (200 mg/kg) caused marked hyper- 
ventilation, hemolysis, coma and_ terminal 
bloody diarrhea. A subsequent reduction in 
dose to 50 mg/kg in the priming solution and 
50 mg/kg/hr in the sustaining solution was 
well tolerated in 2 experiments. In 2 other 
dogs, this dose caused hyperventilation fol- 
lowed by coma. Autopsy of 2 dogs was un- 
revealing as to the cause of death. The re- 

-Maining animals were sacrificed immediately 
after the experiment. 

Summary. Phenylbutazone blocks PAH 
transport but does not affect thiosulfate ex- 
cretion. The inhibition of TmPAH by phenyl- 
butazone is reversible by the simultaneous in- 
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fusion of isotonic Na acetate. 


The author is indebted to Dr. Alfred Gilman for 
his heipful criticism and the use of his, laboratory 
facilities. 
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‘ 


The objective demonstration of human 
cerebral synapses has long been thought to 
be of considerable interest and importance. 
However, at the high magnifications required 
(approximately 2000 x) it has been difficult, 
in one photomicrograph, to show a convinc- 
ing number of synapses. As a result, draw- 
ings have usually been resorted to, and pho- 
tographic proofs of the size and distribution 
of the Boutons terminaux have been wanting. 


* This research supported by a Federal Mental 
Health Grant. 


The branching nature of nerve cells has 
also served to make difficult the picturing, in 
any single photograph, of the synapses on the 
dendrites. In many instances the number 
and location of synapses on the dendrites may 
be more important that on the ‘“‘cell body,” 
narrowly interpreted. 

The thickness of frozen section of nervous 
tissue for silver staining (approximately 15 
w) allows one to follow the dendrites great 
distances, at times. Thinner sections are not 
very practical since metallic stains make 
them brittle and since nerve cell processes 
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FIG. 2. 


Cross-sectional sketch of hypothetical cell to show levels of focus required to make up 


a complete photo-mosaic. Section A of mosaic is taken at level indicated to gain maximal cell 

diameter, in order that branching dendrites in Section B may be joined in proper perspective. 

Section E illustrates the fact that in order to preserve continuity of dendrite, photographs must 
occasionally be taken where synapses are not completely visible. 


are sacrificed. For these reasons it was felt 
that overlap aerial photographic technics 
might be applied to the synaptic problem. 
In simplest form, the method is as follows: 
Each terminal bouton is photographed in 
focus, a considerable overlap being allowed 
on either side of it. Occasionally more than 
one axon terminal can be included in the one 
focal plane, but for the best results it is usu- 
ally necessary to treat each bouton ending 


separately. If a good margin of overlap has 
been allowed, and if certain desirable land- 
marks have been consistently included, (capil- 
laries, large thick fibres or cell borders) it is 
not difficult to assemble the essential parts of 
each print into a mosaic. In the illustration 
given here (Fig. 1) 9 separate negatives were 
used to record the Boutons terminaux found 
at 9 focal planes of a Purkinje cell of a normal 
human cerebellum stained by Rio-Hortega 
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double impregnation silver method(1). In 
this mosaic it has been possible to demonstrate 
16 boutons, while a single film would have 
shown 4 at most. All the processes of the 
Purkinje cells existing in the 15 » section 
could have been followed out by this method 
if it had been required. 

Summary. One solution to the problem of 
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the photomicrographic demonstration of Bou- 
tons terminaux in the normal human brain is 


proposed in the form of in-focus mosaic pho- 
tography. 


1. Morrison, G. E., and Gibson, W. C., Science, 
1953, v117, 656. 
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The Tetracaine Flare: Differences in Actions of Procaine and 


Tetracaine on Peripheral Nerve.*t 
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It is well known that trauma of the skin 
or the intradermal injection of histamine re- 
sults in the development of a flare, an area 
of erythema extending from the site of injec- 
tion for several centimeters. The studies of 
- Lewis(1,2) and others have established that 
the flare is brought about by a local nervous 
mechanism, the so-called axon reflex. In sup- 
port of this concept is the observation which 
we have repeatedly confirmed(3,4) that pre- 
vious infiltration of the skin with the local 
anesthetic procaine, in the area where hista- 
mine is to be injected, prevents the develop- 
ment of the flare, although the local wheal 
produced by histamine is not affected. 

Our attention was drawn(5) to the para- 
doxical observation that tetracaine, a potent 
local anesthetic related chemically to procaine, 
itself produces a flare when injected intra- 
dermally even while causing gross anesthesia. 
This phenomenon appeared to offer the op- 
portunity for testing the concept of the axon 
reflex as the basis of the flare and for further 
elucidating its mechanism. The present com- 
munication deals with this problem and offers 
the results of our attempts at its solution. 

Material and methods. In all cases, injec- 
tions of the various agents were made intra- 
dermally with 26 or 27-gauge needles in meas- 
ured volumes from tuberculin syringes. Sterile 


* Supported by a Lilly Research Grant. 

+ Preliminary experiments were done in collabora- 
tion with Dr. Henry D. Janowitz, Mount Sinai Hos- 
pital, N. Y: City. 


crystals of procaine hydrochloride} and tetra- 
caine hydrochloride? were dissolved in sterile 
isotonic saline to the desired concentrations, 
expressed as weight/volume. When either 
agent was injected alone, the volume was 0.1 
ml. When the blocking action of procaine on 
the flare of tetracaine was tested, the former 
was first infiltrated into the skin in a volume 
of 0.2 ml, and a few seconds later 0.05 ml of 
tetracaine solution was injected into the center 
of the anesthetized area. In all experiments 
a control was obtained for the dilution factor 
by injecting the same volume of tetracaine 
into 0.2 ml of isotonic saline. 

To determine the effects of procaine and 
tetracaine on pain thresholds, the drugs were 
injected in volumes of 0.1 ml into the skin 
of the volar surface of the wrist. The thresh- 
olds for ‘‘fast”’ (immediate) and ‘‘slow” (de- 
layed) pain were determined by use of the 
warm-wire algesimeter of Lee, Williams and 
Pfeiffer(6). A bent resistance wire, heated 
by a battery to various temperatures indirectly 
indicated by an ammeter, was lightly and 
briefly applied to the skin. At sub-threshold 
temperatures only touch was felt. When the 
threshold for slow pain was reached, the pain 
was felt after an interval of about one second 
following the touch. Further increase in 
temperature finally resulted in elicitation of 
fast pain occurring simultaneously with the 


(Ponto- 
Harold 


(Novocaine) and tetracaine 
caine) were supplied by Mr. 
Epley, Winthrop-Stearns, Inc. 
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touch. When fast pain occurred it was usual- 
ly no longer possible to discriminate the slow 
pain. Since the threshold for fast pain was 
always 30 to 50% higher than that for slow 
pain, however, it was assumed that whenever 
fast pain occurred the stimulus was above 
threshold for slow pain. When control de- 
terminations were being made the wire was 
touched to 5 different spots for each tempera- 
ture. The threshold for each type of pain was 
taken as that ammeter reading at which the 
wire consistently produced pain in 2 or 3 of 
the 5 trials. After the anesthetics were in- 
jected, the thresholds were determined every 
15 to 30 seconds until they returned to the 
control level. Since the thresholds changed 
rapidly, each test at a given temperature con- 
sisted of only two applications of the wire 
rather than 5, and if one of the 2 resulted in 
a positive response, that stimulus was con- 
sidered to be at or above thresholds at that 
moment. In all cases, the thresholds for both 
types of pain were repeatedly checked during 
the experiment. The reported times for full 
recovery are accurate only to within 1 to 3 
minutes. The concentrations were selected 
so as to give an effect lasting about 10 to 20 
minutes. 

Statistical significance of the results of the 
last experiment was determined in two ways. 
First, the mean differences between times for 
recovery of slow pain and fast pain (S-F) 
under procaine was compared with the mean 
difference under tetracaine by use of Fisher’s 
t-test(7a). Secondly, the adjusted chi-square 
for a 4-fold table(7b) was determined where 
the two classes of the one attribute were a 
duration of effect on slow pain greater than 
on fast pain (S > F), and 6 (S = F); and 
the two classes of the second attribute were a 
procaine and 0 tetracaine. 

Results. A. The flare and its blocking by 
procaine. Thirty-three tests were made with 
tetracaine at concentrations from 1% to 
0.0001%. The threshold for production of 
flare appeared to be about 0.001%, since at 
this level 2 of 6 tests gave a positive response, 
while none of 4 at 0.0001% did so. At 0.01%, 
4 out of 5 were positive; higher concentra- 
tions uniformly caused the flare. In other 
respects, excepting the local anesthesia, the 
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response to tetracaine was identical with that 
of histamine: the local wheal, the surround- 
ing hyperalgesia and “itchy skin” were all 
observed. Injections of 1% tetracaine caused 
definite irritation of the skin and in two 
cases a local necrosis and slough ensued. The 
flare produced by 0.1% tetracaine was rough- 
ly of the same magnitude as that of 0.001% 
histamine. Redness appeared within seconds 
of the injection, gradually increasing in ex- 
tent and intensity to cover a roughly circular 
area of 2 to 5 cm diameter. 

Ten tests were made to determine the effect 
of procaine on the tetracaine flare. In 2 cases, 
1% procaine was shown to block completely 
the effect of 1% tetracaine; in 7 of 8 experi- 
ments 0.2% procaine blocked 0.2% tetracaine. 
No further attempt was made to establish 
dosage relationships between the two agents. 
Procaine itself produced only a local reddening 
at the site of injection, presumably due to its 
anesthetization of local vasoconstrictor fibers. 
B. Effects of tetracaine and procaine on 
conduction in isolated nerve. Preliminary 
experiments. Thus, it appeared that tetra- 
caine, while producing a marked local anes- 
thesia, can evoke a neurally mediated flare, 
and that procaine is able to block the flare. 
These facts suggested 1) that the fibers in- 
volved in the axon reflex for flare may be 
different from those which participate in the 
gross sensory response; and 2) that tetracaine 
and procaine act differently on the two groups 
of fibers, the former failing to block complete- 
ly the one group, thus allowing the flare to 
develop, the latter effectively blocking all 
the fibers concerned. To test the latter sug- 
gestion, the effects of the two agents on con- 
duction in the isolated, desheathed bull frog 
sciatic nerve were investigated.’ The results 
may be summarized as follows: 1. Tetracaine 
had an overall potency about 100 times that 
of procaine on a molar basis. 2. On washing 
away the anesthetic from a nerve whose con- 
duction had been completely blocked, in the 
case of procaine (as is reported for cocaine 
(8)) the A fibers (rapidly conducting) recov- 


§ These experiments were kindly performed by 
Dr. F. S. Crescitelli. Future definitive experiments 
are planned. 
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ered much sooner than did the C fibers (slow- 
ly conducting). The converse occurred with 
tetracaine in that recovery of the C fibers was 
more rapid than that of the A fibers. In the 
initial phase of blocking after application of 
the anesthetic to the nerve, corresponding ef- 
fects were observed but the differences were 
not as marked: with procaine, the C fibers 
were blocked more rapidly than the A fibers; 
with tetracaine the opposite occurred. 

These observations lent support to the 
suggestion that the two agents have different 
effects on conduction among the different 
groups of fibers, tetracaine manifesting much 
less blocking action on C fibers with respect 
to A fibers than is the case with procaine. 

C. Effects of tetracaine and procaine on 
thresholds of “fast”? and “slow” pain. The 
preliminary observations on isolated nerve, 
showing differences in action between the 2 
local anesthetics, suggested a corollary experi- 
ment in the human skin. The “double re- 
sponse” of pain(9) presented itself as an ideal 
situation for testing function of A and C 
fibers. It has been inferred(9) that “fast” 
or immediate pain is mediated over rapidly 
conducting fibers probably of the A group, 
while “slow” or delayed pain is mediated 
over slowly conducting fibers of the C group. 
By determining alterations in thresholds of 
the two responses one may secure an indica- 
tion of the functional status of the two groups 
of fibers. 

The effects of tetracaine and procaine on 


15 Min. 


a (left). Responses of slow and fast pain thresholds in a subject after injection of 
b (right). Ditto, same subject after tetracaine. 
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thresholds of fast and slow pain were deter- 
mined on 6 adult, white, male subjects in the 
manner described above. The results of a 
representative experiment with procaine are 
shown in Fig. la, and its pair with tetracaine 
in Fig. 1b. It is apparent that under pro- 
caine recovery of fast pain occurred much 
sooner than that of slow pain. Conversely, 
under tetracaine, recovery of slow pain took 
place much earlier with respect to fast pain. 
In other words, tetracaine had relatively much 
less effect on fibers mediating slow pain with 
respect to its action on fast pain than was 
the case with procaine. Fig. 2 presents the 
results of all experiments and shows that 
the same trend was present throughout with 


RECOVERY OF ‘SLOW’ AND “FAST” PAIN 
AFTER CUTANEOUS ANESTHESIA 
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FIG. 2. Results of all experiments on the effects 
of procaine and tetracaine on slow and fast pain. 
In the experiment on subject F with tetracaine, 
there was apparent initial recovery of fast pain at 
10 min.; threshold again rose and did not recover 

until 20 min. 
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the exception of one test with tetracaine. 
These differences between the 2 agents are 
statistically significant to within the 5% con- 
fidence limit when calculated by either of 2 
methods described above. Determinations of 
thresholds under tetracaine were more difficult 
than under procaine, because of the itching 
produced by tetracaine. This may have con- 
tributed towards the lesser regularity of the 
tetracaine results. 


Discussion. The results obtained suggest a 
reasonable explanation for the paradoxical 
tetracaine flare. First, as previously recog- 
nized(10,11), tetracaine is an irritant to tissue 
and thus satisfies a requisite for initiation of 
the flare. Whether tetracaine releases hista- 
mine locally or whether it may be intrinsically 
histamine-like is unknown. When the agent 
is injected intradermally, the central portion 
of the injection site may be presumed to have 
the highest concentration, so that gross test- 
ing at this point may reveal clinically complete 
anesthesia. Toward the periphery of the in- 
jection wheal, however, particularly as lateral 
diffusion takes place, the effective concentra- 
tion falls off. Thus, at the periphery, the 
concentration may be high enough to initiate 
the flare and yet not be high enough to block 
conduction in the fibers which mediate the 
response. 

The facts here demonstrated, that tetra- 
caine has a lesser effect than procaine on C 
fibers and that procaine blocks the flare, 
strongly suggest that the flare is mediated 
over C fibers. The findings throw no light 
on the question of further identity of the 
flare fibers, however. Granting that they are 
probably of the C group, the two alternatives 
remain: that they are of the known afferent 
group of posterior root fibers, or that they are 
of a separate system, the “nocifensor nerves” 
of Lewis. The present study offers no evi- 
dence for a selection between these alterna- 
tives. It is tempting to speculate on the re- 
lationship of the flare fibers to the so-called 
posterior-root vasodilators. 

Finally, the difference in effects of procaine 
and tetracaine on conduction in different 
groups of nerve fibers is in itself of interest. 
That members of this class of local anesthetics 
may differ in this respect has not been sus- 
pected, to our knowledge. The basis for the 
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differences is entirely speculative; a possi- 
bility that comes to mind is that a difference 
in rates of diffusion to cell membranes may 
exist. Everett and Goodsell(12) reported 
that procaine may spare a group of C fibers 
when conduction in isolated nerve is tested. 
This is reminiscent of our results with tetra- 
caine. The discrepancy with our findings 
on procaine is at present unaccountable. 

Summary. 1. Tetracaine hydrochloride, in- 
jected intradermally, produces a histamine- 
like flare which can be blocked by procaine 
hydrochloride. 2. On the isolated nerve, tetra- 
caine has much less effect on conduction in 
C fibers with respect to its effect on A fibers 
than is the case with procaine. (Preliminary 
experiments.) 3. In the human skin, tetra- 
caine has much less effect on the threshold for 
“slow” pain with respect to its effect on 
“fast” pain than is the case with procaine. 
4. These observations suggest that the flare is 
mediated over C fibers. Tetracaine produces 
a flare 1) by causing irritation, 2) by failing 
to block completely the C fibers. 5. The dif- 
ferences in action on conduction of tetracaine 
and procaine are noted, but no explanation for 
these differences is available. 
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Experimental Production of Struma Lymphomatosa.* (20509) d, 


H. J. CLausen. ace 


From the Department of Anatomy, University of South Dakota School of Medicine, Vermillion. 


In a series of experimental investigations 
dealing with the effects of the prolonged ad- 
ministration of thiouracil to rats(1), it was 
noted that some of the animals developed a 
thyroid condition similar to that which has 
often been reported under the general head- 
ing of chronic thyroiditis in man(2-5). 

As far as the author has been able to de- 
termine, only one report(6) of the experi- 
mental production of chronic degenerative thy- 
roiditis, namely struma lymphomatosa (Hashi- 
moto), has been reported to date. In view 
of this, it was thought of sufficient importance 
to report the following findings. 

Material and methods. A series of 21-day- 
old. Sprague-Dawley rats were given a .1% 
thiouracilt solution as a substitute for their 
drinking water. The food consisted of Purina 
laboratory chow. Littermate control animals 
were carried along with the above experimen- 
tal rats on a similar diet without the thiouracil 
in their drinking water. All animals in both 
groups were sacrificed 600 days following the 
initiation of the experiment. Various tissues, 
including the thyroid glands, were removed at 
this time. Tissues were fixed in formalin, 
Bouin’s or Zenker’s fixative. The thyroid 
glands were stained with hematoxylin and 
eosin for the most part. Some sections were 
stained with Mallory’s connective tissue stains. 

Results. Adenomatous formations of vari- 
ous types were found in the thyroid glands of 
the majority of the experimental animals. 
Various changes in the parathyroid glands 
were also noted. The above findings are being 
further investigated and will be reported at a 
later date. 

In 6 of the animals within the experimental 
series (25%), the thyroid glands were found 
to exhibit a characteristic chronic thyroiditis 
of the Hashimoto type. Upon removal of each 


* Aided by a research grant froin the South 
Dakota Division of the American Cancer Society 

+ Furnished through the courtesy of the Lederle 
Laboratories Division, American Cyanamid Co., New 
York City: 


of the thyroid glands, prior to their fixation, 
it was noted that the gland was very much 
increased in size. The tissue was white and 
very firm and little or no lobulation was in 
evidence. No cysts were recognized grossly. 


Microscopically, it was apparent that the 
capsule was increased in thickness. When 
compared to the controls, it could be, noted 
that there was a diffuse and uniform degenera- | 
tion of the acini with a general flattening of 
the epithelium and an absence of colloid in the 
treated glands (Fig. 1, 2). The epithelial 
elements were reduced in size and many eccen- 
trically placed nuclei were present. Extensive 
interlobular and intralobular lymphocytic in- 
filtration was an outstanding characteristic in 
most of the cases. A consistent increase in 
fibrous tissue (Fig. 3) surrounding the lobules 
of degenerating acini was generally noted. The 
small arteries and the precapillary arterioles 
uniformly showed a definite thickening of the 
intima and the media. In many of the lobules 
the epithelium appeared to be replaced by a 
rather dense fibrous tissue. Mitotic figures or 
other indications of hyperactive epithelial pro- 
liferation was not observed. 


In each of the rats in which the above thy- 
roid findings could be demonstrated, the testes 
were also found to be undergoing abnormal 
or pathological changes, (Fig. 4). The testes 
were all normal in size as compared to the 
normal littermate controls. The tunica was 
increased in thickness with a very dense 
fibrous tissue. It was noted that most of the 
tubules were filled with immature and degen- 
erating germ cells. _No evidence of normal 
mature sperm was found. In some areas some 
inter and intratubular lymphocytic infiltration 
could be seen. The interstitial cells appeared 
to be normal in most areas of the testis. 

The adrenal glands were smaller in size than 
those of the normal controls but all of the 
cellular elements appeared to be normal in 
structure and relative proportions. The pitui- 
tary glands of all of the rats in the series are 
now being studied and will be reported. 
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FIG. 1. Normal thyroid 
100. 

FIG. 2. Thyroid gland after thiouracil administration. Fibrolymphoid hyperplasia with 
lymphocytic infiltration involving the intervesicular connective tissue. A portion of the para- 
thyroid is shown in the upper left corner, (H & BE) 100. 
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FIG. 3. Thyroid of another experimental rat (K3). More advanced stage of fibrolymphoid 
hyperplasia. The widespread connective tissue deposition and almost complete absence of any 
follicular structures may be noted. (H & BE) 100. 

FIG. 4. Testis of experimental rat (K3). Lymphocytic infiltration may be noted in some 


of the intertubular areas. 
cells. (H & B) X100. 


Discussion. Inflammation in which the thy- 
roid tissue was to a large extent replaced by 
lymphoid tissue was described by Hashimoto 
(7). Microscopically, the lymphoid tissue in 
the 4 human cases he reported was so abuadant 
that he chose the name “struma lymphoma- 
tosa” for the lesion. 

The etiology of struma lymphomatosa is un- 
known. Infections of various types have been 
thought at times to be the causative factors. 
Cultures of glands, whenever carried out, have 
been sterile and no cases could be produced 
when bacteria were injected directly into the 
thyroid arteries of dogs and rabbits(5). Fur- 
thermore, if infection were the causative fac- 
tor it is unlikely that our littermate control 
rats would have entirely escaped the infection. 
It is entirely possible that infection might have 
played an indirect role. The administration 
of thiouracil for such a prolonged period might 
have lowered the metabolic activity and thus 
decreased the resistance of the animals in- 
volved. 

That iodine ingestion is a possible factor in 
the production of this characteristic thyroid 
picture has been suggested(8). However, in 
many of the human cases reported no history 
of iodine ingestion was present. The frequency 
of iodine administration to patients having 
thyroid disease of any sort and the relative 
rarity of struma lymphomatosa should tend 
to eliminate iodine as the etiological agent 
concerned. 

Certain dietary deficiencies haye been con- 
sidered and McCarrison(6) has produced 
lesions in rats which showed a definite micro- 
scopic resemblance to struma lymphomatosa. 
He obtained this thyroid condition in the same 
percentage of cases in the series as the author 
is reporting. The above investigator has sug- 
gested that a vitamin-deficient diet was the 
possible etiological factor. It is possible that 
some goitrogenic substance may have been 
present in the diet that the above investigator 
used. No dietary insufficiency appeared to 
be in evidence in either our control or experi- 
mental rats. Furthermore, in many human 


Tubules appear to be filled with immature and degenerating germ 


cases of this disease no history of any dietary 
inadequacies has been reported. 

Testicular changes similar to those obtained 
in our experimental rats have not been re- 
ported in any of the human cases of Hashi- 
moto’s disease so far as the author was able 
to determine. However, since this disease 
occurs chiefly in females and also in the older 
age groups of either sex it is possible that these. 
changes may not have been severe enough to 
have been reported for the human. While 
numerous reports on the thyroid-sex gland re- 
lationships are somewhat contradictory(9), 
our results would tend to suggest that the 
hypothyroid condition which must exist in 
these cases had no influence on the inter- 
stitial cells of the testis. The results obtained 
in relation to the germ cells might have been 
caused by the direct irritation of the chemical 
used or it might be mediated through thyroid- 
pituitary secretions. Further studies in this 
regard are now being made. 

Summary. 1. The effects of prolonged ad- 
ministration of thiouracil to male rats was 
studied. Following the drug administration 
for a 600-day period, 25% of the rats showed 
thyroid glands which exhibited histological 
characteristics similar to that found in struma 
lymphomatosa. 2. The testes of these animals 
also showed a failure of germ cell development 
and maturation as well as some lymphoid in- 
filtration. 
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Histochemical Studies on the Clam Mactra solidissima. 


RosBert LOvE AND LAURENCE H. FROMMHAGEN. 


(20510) 


(Introduced by Thomas H. Jukes.) 


From Lederle Laboratories Division, American Cyanamid Co., Pearl River, N. Y. 


For many years it has been known that cer- 
tain species of molluscs are rich in acid muco- 
polysaccharide(1-6). The presence of a hep- 
arin-like factor in clams was shown by Thomas 
(7). Subsequently, Frommhagen e¢ al.(8) 
isolated acid mucopolysaccharides from 2 
species of clams and characterized them as 
sulfated polysaccharides similar to heparin and 
having a strong heparin-like activity in pre- 
venting the coagulation of blood.* In view 
of the supposed relationship between mast 
cells and heparin formation the following study 
was undertaken primarily to investigate the 
localization of mucopolysaccharide in the clam. 

Materials and methods. Mactra solidissima 
was used for these experiments since this is 
the clam from which the anticoagulant sub- 
stance (mactin-A) is routinely extracted in 
this laboratory. 

Histochemical methods. Living clams were 
dissected and blocks of the mantle, syphons, 
palps, gills, foot, muscles, and body were fixed 
in 10% formaldehyde in saturated aqueous 
mercuric chloride for the preparation of 
routine paraffin sections which were stained 
with hematoxylin and eosin. 

Blocks were fixed in Carnoy’s fluid and 4% 
basic lead acetate and paraffin sections were 
prepared for the study of metachromasia. Sec- 
tions of this material and of formol-sublimate 
nscd tissues were stained with 0.1% toluidine 
blue by the method of Bensley (9), dehydrated 
in alcohol and mounted in Permount. The dis- 
tribution of the metachromatic substances was 
identical after all 3 fixatives, although diffuse 
granularity was present in all the lead acetate- 
fixed tissues and the Carnoy material cut 


* In the paper by Frommhagen and co-workers 
‘8), acknowledgement should have been made of 
the contributions of Thomas. The authors of 
paper(8) wish to express their regret at omitting 
not only the reference by Thomas(7) but also 
omitting mention of the fact that the idea of using 
the clam as a source of heparin-like anticoagulants 
was derived from a personal communication by Dr. 
Thomas. 


poorly. For this reason, formol-sublimate 
fixed tissues were used for subsequent studies. 

The solubility in alkali of the various meta- 
chromatic substances was tested by incubating 
deparaffinized sections for varying periods of 
time in N sodium hydroxide at room tempera- 
ture. Attempts at extractions of unfixed ma- 
terial were vitiated by the resultant wide- 
spread diffusion of metachromatic material 
throughout the tissues. 

The presence of ribonucleic acid and its 
effect on the staining reaction with toluidine 
blue was investigated by incubation of de- 
paraffinized sections in 1% _ ribonuclease 
(Worthington Biochemicals) for one and two 
hours(10). The activity of the ribonuclease 
was confirmed by the ability of the solution 
to remove the cytoplasmic basophilia of 
plasma cells. 

Sections were also stained by the periodic 
acid-Schiff method (PAS) of McManus(11) 
and by Mayer’s mucicarmine and mucihematin 
methods(12). When unexpected PAS nega- 
tive results were obtained with metachromatic 
substances, we considered the possibility that 
treatment of the sections in the process of 
staining may have removed the reactive sub- 
stance. Accordingly, some of the sections 
were counterstained with toluidine blue. De- 
paraffinized sections were incubated for one 
hour in 0.1% malt diastase in phosphate 
buffer at pH 6.0(13) and stained by the PAS 
method. Control sections of clam were incu- 
bated in the: buffer only and similarly stained. 
The efficacy of the enzyme was shown by the 
ability of the solution to remove glycogen from 
sections of chicken liver. Deparaffinized sec- 
tions were incubated at room temperature for 
24 hours in an aqueous solution containing 
33 mg % of mammalian testicular hyaluroni- 
dase (Evans) and stained with toluidine blue. 
Paraffin sections were prepared of material 
fixed in cold acetone and stained as follows: 
1) by Gomori’s revised method for alkaline 
phosphatase using Fast Blue R.R. and incu- 
bating for a period of 2 hours(14), 2) by the 
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Von Kossa method for phosphate-carbonate 
(15), 3) by Dahl’s alizarin red §.(16), and 
4) Schujeninoff’s method(15) for calcium. 
Control sections of bone (for calcium) and of 
kidney (for phosphatase) were run simul- 
taneously. Frozen sections of material fixed 
in formol sublimate were stained with Baker’s 
sudan Black B(17). A saturated solution 
(100 mg/cc) of mactin-A was prepared in 
horse serum, smeared on slides covered with 
a thin film of gelatin, allowed to dry, and fixed 
over formaldehyde fumes. Control slides of 
serum alone were similarly prepared. The 
smears were then stained with mucicarmine 
and mucihematin. The effect of hyaluronidase 
on the anticoagulant was tested by comparing 
the colors of two aqueous solutions containing 
0.4 cc of testicular hyaluronidase (33 mg %) 
and 0.5 cc of the anticoagulant (800 mg %), 
to each of which 0.1 cc of a 0.1% aqueous solu- 
tion of toluidine blue was added before and 
after incubation for 30 minutes at room tem- 
perature. 


Chemical methods. The periodic acid Schiff 
test was performed on an aqueous solution of 
the anticoagulant (mactin-A). The phospha- 
tase activity of water extracts of the mantle 
tissue of Mactra solidissima was determined 
by the method of Bodansky(18). Inorganic 
phosphate was determined by the method of 
Fiske and SubbaRow(19). Clear water-white 
extracts of the mantle tissues at pH 5 were 
precipitated by elevation of the pH to 8.5 and 
the resultant solids analyzed for calcium and 
phosphate by microchemical methods. 

Results. Mast cells are not found in the 
clam. Four different substances showing in- 
tense purple metachromasia are present in 
abundance: their histochemical properties 
and those of the anticoagulant (mactin-A) ex- 
tracted from this species of clam are shown in 
Table I. Substance A is found in the mucous 
glands on the inner aspect of the mantle (Fig. 
1), on the gills, palps, surface of the body, and 
in the genital tract. Substance B is observed 
only in the mucous glands on the outer (shell) 
side of the mantle (Fig. 2), and the third type 
(substance C) is found in the mucous glands 
of the gastrointestinal and urinary tracts. Sub- 
stance D composes the reticulum fibers and 
large masses of ground substance in the mantle 


TABLE I. Histochemical Properties of the Mucopolysaccharides of the Clam. 


Solubility 


in N NaOH 


PAS + 


diastase 


Hyaluronidase 


Ribonuclease + 
toluidine blue 


21% hr 


PAS 


Muecihematin 


+ toluidine blue 


Toluidine blue 


Distribution 


Purple 


Red-purple 


Red-purple 


Red-purple 


Mucous glands of imner 


Substance A 


mantle, body surface, 
gills, palps, genital 


tract 


(mantle & body) 


Blue-purple 


Mucous glands of outer 


Substance B 


mantle 


(mantle only ) 


Substance C 


Is 


+ 


Pale purple 


Red-purple 


Mucous glands of gastro- 


blue 
Pale purple 


intest., urinary tracts 


(body only) 
Substance D 


+ 


blue 


Pale blue 


reticulin fibers of all 


tissues 


Ground substance and 


(mantle & body) 


Anticoagulant 


NT 


+4 


Purple 


NTt 


mactin-A 


SIS = insoluble; S = soluble, 
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t NT = not tested. 


+ Test tube reaction. 


All substances gave positive mucicarmine tests, 


* Occasional trace of pink only. 
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FIG, 1. Mucous glands on inner aspect of mantle. Tolui 
FIG. 2. Mucous glands on shell side of m 
FIG. 3. Mucous glands on shell side of m 


dine blue X 235. 
antle. Toluidine blue « 350, 
antle after alkali extraction. Toluidine blue < 350, 
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and to a lesser extent in the other tissues of 
the clam. Extraction with alkali results in 
the disappearance of metachromatic sub- 
stances B and D after 2% hours (Fig. 3) and 
of all metachromatic substances after more 
prolonged treatment. 

In the test tube the anticoagulant produces 
intense purple metachromasia which can be 
greatly reduced by hyaluronidase digestion. 
The serum controls for the slide tests stain 
faintly red with mucicarmine and blue with 
mucihematin; the experimental slides are, 
however, significantly different, indicating that 
the anticoagulant is responsible for a deep 
red color with mucicarmine and an intense 
purple with mucihematin. 

It is not possible to demonstrate any cal- 
cium in the clam by Schujeninoff’s method. 
The distribution of calcium by Dahl’s alizarin 
method is identical with that of phosphate- 
carbonate by the Von Kossa method (Fig. 4 
and 5). Considerable amounts of calcium 
phosphate-carbonate are present beneath the 
basement membrane of the epithelium on both 
sides of the peripheral rim of the mantle and, 
to a much lesser extent, in the form of fine 
granules in the epithelium and underlying con- 
nective tissue (Fig. 5). The largest aggrega- 
tions are present at the tip of the papillary 
elevations of the underlying connective tissue 
(Fig. 5). No calcium is present in the region 
of the tentacle-like folds at the extreme peri- 
phery of the mantle (Fig. 6), which according 
to Vevelander and Benzer(20) is responsible 
for the elaboration of the organic matrix of 
the shell. Chemical analyses of extracts of the 
mantle indicate the following composition: 
Calcium 14.57%, phosphate 9.1%. Although 
carbonate was not determined, it is obvious 
that the phosphate, if it does exist as the in- 
organic calcium salt, must predominate. 

Phosphatase is present in the same region 
of the mantle as calcium salts except that it 
is limited entirely to a small zone at the free 
border of the epithelial cell (Fig. 7). The 
presence of phosphatase was verified by the 
chemical method. 

The persistence of metachromatic sub- 
stances A and B in the tissues after the peri- 
odic acid-Schiff test was confirmed by counter- 
staining with toluidine blue. No sudanophilic 
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lipid or glycogen can be demonstrated in the 
areas of metachromasia. 


Discussion. Lison(21,22) has demonstrated 
that alcohol-resistant metachromasia can be 
due to the presence of sulfuric esters of large 
molecular size. In the absence of glycogen, 
ribonucleic acid is the only other substance 
likely to produce alcohol-resistant metachro- 
masia in paraffin sections. The metachromasia 
of all 4 substances in the clam is not reduced 
by ribonuclease; it is therefore due to the 
presence of acid mucopolysaccharides. The 
4 types of acid mucopolysaccharide differ from 
one another in regard to their solubility in’ 
alkali and in hyaluronidase, the availability of 
the 1-2 glycol groups for oxidation by the PAS 
method and in the color of their staining re- 
action with toluidine blue and mucihematin. 

All of the mucopolysaccharides can be re- 
moved from the clam by intensive treatment 
with alkali, so that differential solubility is 
not of much assistance in determining the 
source of the anticoagulant (mactin-A). Since 
the latter is extractable from the body or 
from the mantle, substances B and C cannot 
be essential constituents. The anticoagulant © 
is PAS positive and must, therefore, contain 
substance D (Table I). The presence of sub- 
stance D in considerable amounts is further 
confirmed by the ability of hyaluronidase to 
remove the greater part of the metachromasia 
from solutions of the anticoagulant. 

The very faint reaction of substances A 
and B with the PAS technic may indicate that 
they are highly sulfated (or phosphorylated) 
to such a degree indeed, that very few reactive 
hydroxyl groups remain(23). Confirmatory 
evidence for this explanation must await fur- 
ther chemical studies. The PAS positive and 
PAS negative mucopolysaccharides do not 
differ significantly in their degree of basophilia 
or metachromasia. The greater basophilia of 
the mucin on the shell side of the mantle 
(Table I) is abolished by treatment with 
ribonuclease, indicating that in this case at 
least, ribonucleic acid can even decrease, ra- 
ther than produce, metachromasia. 

Although the mucihematin method of stain- 
ing is purely empirical, it is of interest to note 
that the most intense purple color is present 
in the mucin which is PAS negative. This 
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FIG. 4. Calcium deposits, mainly beneath basement membrane of inner aspect of mantle. 
Dahl’s alizarin method x 350. 

FIG. 5. Phosphate-carbonate deposits in inner aspect of mantle. Main deposits beneath 
basement membrane and fine granules in epithelium and subjacent connective tissue. Note 
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absence of calcium in mucous glands. Von Kossa and neutral red & 350. 
LG: 6. Same section as Fig. 5 showing absence of phosphate carbonate in tentacle-like folds 
at extreme periphery of mantle. Note absence of mucous glands. Von Kossa and neutral red 


x 350. 


FIG. 7, Alkaline phosphatase in epithelium of inner aspect of mantle. x 350. 


would suggest that the purple color with muci- 
hematin is indicative of highly sulfated muco- 
polysaccharides. 

The histological demonstration of calcium 
phosphate-carbonate was confirmed by chemi- 
cal procedures which suggested that the phos- 
phate is predominant. Inasmuch as calcium 
and phosphate were shown to be localized in 
the same area, it seems probable that. the de- 
posits consist of some form of calcium phos- 
phate. The presence of considerable amounts 
of calcium salts beneath the basement mem- 
brane suggests that this may be a storage 
area for calcium. Contrary to the reports of 
Bevelander and Benzer(20), it was not pos- 
sible to demonstrate calcium salts in the 
mucous glands of the mantle (Fig. 5); it 
seems probable however, as they suggest, that 
the mucoid secretion of the glands plays a 
physical role in the transfer of calcium salts 
from the mantle to the shell. The calcium of 
the shell appears to consist mainly of calcium 
carbonate, whereas that of the mantle is main- 
ly in the form of calcium phosphate(20,24,25). 
In view of the topographical relationship of 
phosphatase to the underlying calcium de- 
posits the enzyme may take part in the “‘secre- 
tion” of calcium salts. The affinity of acid 
mucopolysaccharide for calcium ions and their 
importance in calcification has been the sub- 
ject of recent research(26,27). The deeper 
deposits of inorganic calcium salts in the 
mantle are present in areas rich in acid muco- 
polysaccharide, but the overlying epithelium 
does not contain any of this material. If 
calcium salts are first formed in the deeper 
mucoid connective tissue and subsequently 
“secreted” by the epithelium, they may, as 
suggested by Thomas(28), be derived from a 
calcium mucopolysaccharide complex. The 
role of alkaline phosphatase in this process, is 
however obscure since mucopolysaccharide 
cannot be demonstrated in the cells which con- 
tain the enzyme, nor is there any evidence of 
enzymatic activity in the main deposits of 
calcium salts. 


Summary. 1. Heparin-like substances in the 
clam do not arise from mast cells such as 
exist in higher vertebrates. 2. Four different 
acid mucopolysaccharides in the clam are de- 
scribed. The heparin-like anticoagulant 
(mactin-A) is probably a mixture of all 4 
types but appears to consist mostly of the 
mucopolysaccharides of the ground substance 
of the connective tissues. 3. Ribonucleic acid 
is present in association with acid mucopoly- 
saccharide in the mucous glands on the shell 
side of the mantle. 4. Calcium, phosphate and 
alkaline phosphatase are present in different 
sites in the epithelium and subjacent tissues of 
both sides of the mantle and are not top- 
ographically related to the mucous glands. 


The authors wish to thank Miss Eugenia Berry 
for her valuable assistance, and Mr. Leslie McWil- 
liam for the photomicrographs. 
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Ragan and co-workers(1) have demon- 
strated a marked retardation in the wound 
healing of rabbits treated with large doses of 
cortisone. This observation has been extended 
to the inflammatory and reparative processes 
of other mesodermal structures. Blunt(2) 
has studied delayed healing in experimental 
fractures of rabbits. Ducommun(3) and 
Scheinberg and Saltzstein(4) showed that 
ACTH and cortisone prevented the formation 
of intra-abdominal: adhesions following the 
intraperitoneal instillation of talc, while 
Scheinberg, Saltzstein and Johnson(5) ob- 
served similar results in the prevention of 
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pleural and pericardial adhesions. 

Because cortisone diminished the inflam- 
matory response of other serous surfaces, a 
study of its action on the meningeal reaction 
to the intrathecal administration of a sterile 
irritant was undertaken. Of several sub- 
stances tried talc was the most effective in 
eliciting a meningeal reaction. 

It was also felt that control of the menin- 
geal reaction might be of value in the treat- 
ment of tuberculous meningitis as well as 
other granulomatous affections of the men- 
inges. In such instances it seemed possible 
that the reduction of exudation and inflamma- 
tory response would make the offending organ- 
ism more accessible to the action of the chemo- 
therapeutic agent. Furthermore, the use of 
cortisone in the prevention of post-traumatic 
adhesions also suggested itself. 

Materials and method. Eighteen white 
male rabbits weighing from 3.0 to 4.8 kg 
received a cisternal injection of 1 cc of a saline 
suspension of talc after a similar quantity of 
cerebrospinal fluid had been withdrawn. The 
talc suspension was sterilized by autoclaving. 
Ten animals were treated with cortisone, while 
8 served as controls. In the cortisone-treated 
group 4 animals received a cisternal injection 
of 1 cc of a 1:9 suspension of talc, while 6 
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received a 1:4 suspension. In the control 
series 2 animals were injected with a 1:9 sus- 
pension, whereas a 1:4 suspension was em- 
ployed in the remaining 6. 

The 10 treated rabbits received daily intra- 
muscular injections of a saline suspension of 
cortisone acetate (Merck) for 15 days after 
the intrathecal administration of talc. Eight 
of these rabbits received cortisone for 2 days 
prior to the cisternal injection, while 2 
received no such pretreatment. Nine rabbits 
received 10 mg cortisone per kilogram and 
one 5 mg/kg intramuscularly. 

All cisternal injections were carried out 
under nembutal anesthesia. The talc suspen- 
sion was administered slowly (15-20 seconds) 
to avoid respiratory arrest resulting from acute 
pulmonary edema(6). 

All animals were sacrificed 15 days after 
injection. The brain and meninges were fixed 
in 10% formalin. Sections were stained with 
hematoxylin and eosin. 

Results. Following cisternal injection, trans- 
ient tonic and clonic convulsions were ob- 
served in several rabbits shortly after the talc 
administration. No permanent neurological 
lesions were seen. In no instance was evi- 
dence of meningeal infection found. 

The average weight loss of the cortisone- 
treated rabbits was 625 g, whereas that of the 
control rabbits was 314 g. Although the dif- 
ference in the mean weight loss appears sig- 
nificant, it must be pointed out that certain 
control rabbits lost more weight than some of 
the cortisone-treated animals. However, all 
the cortisone-treated animals appeared mark- 
edly lethargic and emaciated after 2 weeks. 

In this series of experiments 2 animals died 
while receiving cortisone. One, treated with 
10 mg/kg, died on the 7th day after intra- 
thecal injection, and the other, on 5 mg/kg, 
died on the 11th day. The exact cause of 
death could not be determined in either 
instance. 

In the control group there was diffuse thick- 
ening and opacity of the meninges, especially 
in the area of the brain stem, whereas in the 
treated animals the translucency of the norm- 
al meninges was better preserved. The dif- 
ferences observed grossly were not as striking 
as those seen histologically. 

Microscopic sections from the control group 
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revealed primarily a phagocytic, histiocytic 
response with some fibroblastic and minimal 
angioblastic proliferation. Foreign-body giant 
cells appeared to engulf individual tale crys- 
tals, and dense adhesions were present in cer- 
tain locations between pia and arachnoid 
membranes. The talc particles were easily 
visualized under polarized light because of 
the doubly refractile quality of the crystals 
(Fig. 1). 

In contrast to the controls, the meningeal 
response of the treated animals was consid- 


| GONTROL, POLARIZED Liogr ‘ 


FIG. 1. Photomicrograph of leptomeningeal reac- 
tion in an untreated rabbit 15 days after cisternal 
injection of sterile tale. Note fibroblastic and 
phagocytic response. When viewed under polarized 
light, tale crystals may be seen. X 105. 


CORTISONE TREATED, EXAMPLE oF MAXIMAL REACTION. 
POLARIZED. LIGHT. 5 


FIG. 2. Maximal reaction to tale seen in a rabbit 

treated 2 days before and 15 days after cisternal 

injection of tale with 10 mg cortisone/kg. There 

is minimal meningeal reaction. Tale crystals may 
be seen under polarized light. x 105. 


erably diminished, although the degree of re- 
action varied from animal to animal. The 
extent of this variation is indicated in Fig. 2 
by examples of maximal and, in Fig. 3, by the 
minimal meningeal response in cortisone-treat- 
ed animals. Often loose collections of talc 
crystals could be seen lying free in the sub- 
arachnoid space without evident reaction 
(Fig. 3). Even when the presence of talc 
elicited a histiocytic response, individual crys- 
tals were generally not engulfed by phago- 
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cytes. No adhesions between pia and arach- 
noid were established. 

Evaluation of the degree of meningeal re- 
activity was entirely subjective, and no at- 
tempt to quantitate the cellular response was 
made. 

Preliminary experiments with intrathecal 
hydrocortisone. To avoid the systemic toxi- 
city of parenterally administered cortisone, the 
use of intrathecal hydrocortisone suggested 
itself. Accordingly, using sterile precautions, 
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CORTISONE TREATED, EXAMPLE OF » MINIMAL REACTION, 
POLARIZED ee : 


FIG. 3. Minimal reaction to tale seen fn a eae 

treated similarly to that shown in Fig. 2. There 

is almost complete absence of meningeal reaction. 

Tale crystals may be seen under polarized light. 
xX 105. 
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3 animals received 10 mg (0.4 cc) of a saline 
suspension of hydrocortisone acetate (Merck) 
as well as 1.0 cc of a 1:4 sterile saline suspen- 
sion of talc in a single intrathecal injection. 
On the 7th day another dose of 10 mg hydro- 
cortisone was administered by the same route. 
In order to assess the effect of the hydrocorti- 
sone suspension on the meninges, 3 animals 
received 10 mg of hydrocortisone plus 1.0 cc 
saline, followed on the 7th day by another 
equal dose of hydrocortisone. Following the 
intrathecal administration of hydrocortisone 
both with and without talc, the animals show- 
ed striking convulsive behavior, extensor rigi- 
dity, and marked tachypnea for approximate- 
ly 1 hour following the injection. There was 
complete recovery in every animal, and no 
residual neurological abnormalities were noted. 
No attempt was made to determine whether 
the hydrocortisone or the vehicle, including 
0.9% benzyl alcohol, was responsible for the 
immediate clinical reaction. One of the 
animals injected with talc and hydrocortisone 
died on the 12th day; the cause of death was 
not ascertained. 

The microscopic appearance of the meninges 
of the 2 surviving animals injected with talc 
and hydrocortisone showed some diminution 
of the meningeal reaction, although this effect 
was not as striking as with cortisone. The 
animals, however, did not show the emaciation 
and lethargy characterizing those treated with 
cortisone, and the weight loss averaged 240 g 
as compared to a mean weight loss of 625 g 
in the cortisone group. The gross and micro- 
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scopic appeance of the meninges of those 
animals injected only with hydrocortisone was 
not abnormal. 


Summary. Eighteen rabbits received intra- 
thecal injections of 1.0 cc of talc suspension 
and were sacrificed 15 days later. Eight rab- 
bits were untreated, serving as controls. These 
developed a meningeal reaction consisting of 
the appearance of histiocytes, macrophages, 
and giant cells. Ten animals treated with 
daily injections of 5 and 10 mg cortisone/kg 
showed a marked diminution of the meningeal 
response. Preliminary experiments with the 
use of hydrocortisone, injected intrathecally’ 
(10 mg) on the Ist and 7th days, also suggest 
diminution of the meningeal response to talc, 
though not as striking as with the use of intra- 
muscular cortisone. 
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Medicine, University of Texas School of Medicine, Galveston. 


Hypertrophy of the right ventricle does not 
occur in uncomplicated essential hypertension 
(1). This well established observation indi- 
cates that pulmonary artery pressure is normal 
in hypertensive patients. Cournand(2) found 
normal right ventricular pressures in 5 hyper- 


tensives and used this as evidence that the 
pulmonary arterial system lacked vasomotor 
function comparable to that of the systemic 
arterioles. Normal pulmonary arterial pres- 
sures have been observed in a few hyper- 
tensives by others(3-6). 
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PRESSOR, DEPRESSOR AGENTS ON PULMONARY, SysTEMIC PRESSURES 


It was the purpose of this study to measure 
the pressure in the pulmonary artery in nor- 
motensive and uncomplicated hypertensive pa- 
tients. If the pulmonary artery pressure was 
the same in normotensives and hypertensives, 
it was then proposed to compare the responses 
of the brachial and pulmonary arterial pres- 
sures to pressor and depressor agents in these 
two groups. It was believed that this would 
yield information pertinent to an understand- 
ing of the pathogenesis of essential hyperten- 
sion. 

Pulmonary and brachial arterial pressures of 
16 normotensive and 7 hypertensive subjects 
were studied. The responses of these pressures 
to angiotonin,* epinephrine, nor-epineph- 
rine,* and _ tetraethylammonium bromide* 
were measured. Brachial pressure was ob: 
tained by the auscultatory method. The pul- 
monary artery was catheterized and the pres- 
sure was recorded by a Sanborn Electromano- 
meter and Viso-Cardiette. Our usual seda- 
tion for this procedure was employed(7). 


Results. The data are presented in Tables 
I and II. They show that the pulmonary 
artery presure in all normotensives was with- 
in the normal range established by Dexter (4) 
with the exception of patients P. A. and M. H. 
The elevated pulmonary artery pressure of 
P. A. is unexplained. Patient M. H. has 
chronic pulmonary heart disease secondary to 
pulmonary emboli. These 2 patients have 
been left in our series because their brachial 
artery pressures were normal. 

The pulmonary artery pressure rose in 
normotensives whenever epinephrine, nor- 
epinephrine, or angiotonin caused an elevation 
of systemic arterial pressure except in W. J. 
This subject’s pulmonary artery pressure fell 
from 22 to 9 mm Hg with angiotonin. Tetra- 
ethylammonium bromide caused a fall in pul- 
monary artery pressure in all normotensive 
individuals(8). 

Table II shows that hypertensive subjects 


* Dr. Oscar H. Helmer of the Lilly Laboratory 
for Clinical Research supplied the angiotonin and 
tetraethylammonium bromide used in these experi- 
ments, and Dr. Kenneth M. Smoot of the Depart- 
ment of Medical Research, Winthrop Stearns Inc. 
supplied the Levophed®. We are grateful for the 
generous amounts of both these substances. 
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have normal pulmonary artery pressures. 
Angiotonin, epinephrine, and nor-epinephrine 
always produced an elevation of pulmonary 
arterial pressure in hypertensives if increased 
systemic pressures resulted from these agents. 
Tetraethylammonium bromide produced a fall 
in both pulmonary and systemic artery pres- 
sures in hypertensives. 

Discussion. We have found that the pul- 
monary artery pressure in hypertensives is 
within normal limits (Table II). The re- 
sponse of systemic and pulmonary artery pres- 
sures to epinephrine, nor-epinephrine, angio- 
tonin, and tetraethylammonium bromide is the » 
same in hypertensives and normotensives. 
From this, we have concluded that the vaso- 
motor mechanisms which control the pulmon- 
ary arterial and systemic arterial systems are 
similar if not identical. Inasmuch as the pul- 
monary artery pressure is normal in hyper- 
tensives and increases with epinephrine, nor- 
epinephrine, and angiotonin, it is improbable 
that these or any similar substances are re- 
sponsible for the systemic blood pressure eleva- 
tion of essential hypertension. 

The effect of angiotonin is noteworthy be- 
cause this substance has been considered so 
widely to be the cause of the elevated blood 
pressure in both experimental renal hyperten- 
sion and essential hypertension. Inasmuch as 
pulmonary artery pressure is the same in sub- 
jects with essential hypertension and in indi- 
viduals with normal arterial pressure and since 
angiotonin raises pulmonary and systemic ar- 
terial pressure of hypertensive subjects, it is 
concluded that angiotonin is not the cause of 
systemic artery hypertension in patients with 
essential hypertension. 

Current opinions concerning whether the 
terminal pulmonary vascular branches contain 
constrictor components are conflicting(4,1,9, 
10). The known anastomoses(11) of the pul- 
monary capillary bed with the bronchial ar- 
terial system also introduces factors which 
make difficult the precise interpretation of — 
mechanisms involved in these effects. For 
these reasons further studies are in progress 
to elucidate the responsible mechanisms. 

Summary and conclusions. The pulmonary 
and brachial artery pressures and their re- 
sponses to pressor and depressor agents have 
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been studied in normotensive and hypertensive 
subjects. Pulmonary artery pressure is with- 
in the same range in both groups. The re- 
sponse of pulmonary artery pressure to pres- 
sor and depressor agents used is also the same 
in both groups. It is emphasized that the ele- 
vation of pulmonary artery pressure due to 
angiotonin, epinephrine, and nor-epinephrine 
is the same in hypertensive and normotensive 
subjects. It is concluded that none of these 
or any similarly acting substances plays a part 
in sustaining the blood pressure elevation in 
patients with chronic essential hypertension. 
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JoHN W. PATTERSON. 


From the Department of Anatomy, School of Medicine, Western Reserve University, Cleveland, O. 


Dehydroascorbic acid, the reversibly oxi- 
dized form of ascorbic acid, produces perman- 
ent diabetes in rats(1) and rabbits(2) when 
multiple large doses are injected intravenously. 
Immediately following a single intravenous in- 
jection of dehydroascorbic acid, there is 
marked stimulation of the autonomic nervous 
system which is characterized by salivation, 
lacrimation, and a rise in blood pressure(3). 
Atropine administered before the injection of 
dehydroascorbic acid prevents these effects. 
Atropine also prevents the diabetogenic effect 
of dehydroascorbic acid. This paper is con- 
cerned with a consideration of this phenome- 
non. 

' Experimental. Male Sprague-Dawley rats 
weighing 108-175 g were injected intravenous- 
ly with 0.2 g per kilo of dehydroascorbic acid 
followed in one hour by 0.7 g per kilo on each 
of 3 consecutive days. The rats receiving 


* Aided in part by the Cleveland Diabetic Fund. 


atropine sulfate were injected intravenously 
with 50 mg per kilo of the drug 20 minutes 
before each of the 0.7 g per kilo injections of 
dehydroascorbic acid. Those rats with blood 
sugars greater than 200 mg per 100 cc of 
blood were considered diabetic. At the end 
of 2 weeks 8 out of 13 control rats had dia- 
betes, whereas only 1 out of 12 rats receiving 
atropine developed diabetes (Table I). The 
P value for this difference is 0.001 indicating 
that the effect of atropine is highly significant. 


A similar experiment was performed on rats 
that had undergone splenectomy 8-10 days 
before the injection of dehydroascorbic acid 
and atropine. In this series (Table I) the 
atropine did not prevent diabetes. 


Discussion. The fact that splenectomy re- 
verses the effect of atropine in preventing de- 
hydroascorbic acid diabetes suggests a peri- 
pheral locus for this action of atropine. It 
may be mediated by a substance produced in 
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TABLE I. Effect of Atropine and Splenectomy on the Development of Dehydroascorbie Acid 


Diabetes. ; 
— Intact rats———, Rats with spleneetomy—, 
Atropine Control Atropine Control 

No. 12 13 5 4 
Wt (g) 

Range 108-165 120-175 127-162 135-170 

Avg 126 150 147 153 
% diabetic 

2 days 58 100 100 100 

1 wk g 84 80 75 

aie 8 61 80 75 
Avg 2 wk blood sugar (mg/100 ec) 

Diabetic 260 430 400 390 

Non-diabetic 122 140 125 190 


the spleen or, since the pancreas and spleen 
are supplied by a common artery, it may be 
the result of a change in the relative amount 
of blood and diabetogenic agent flowing 
through each organ. The latter of these sug- 
gestions seems more probable. Changes in 
the blood supply to the pancreas are known to 
_ prevent alloxan diabetes. The injection of 
adrenalin(4) or the clamping of the renal 
pedicle(5) are effective. The production of 


diabetes with dehydroascorbic acid is similar . 


to injecting alloxan and adrenaline simultane- 
ously. Only a small amount of the diabeto- 
genic agent reaches the islet tissue. Atropine 
is known to reverse the sympathomimetic 
effect of dehydroascorbic acid(3). If this 
reversal is greater in the spleen than in the 
pancreas, blood would be shunted through the 
spleen with a decrease in the amount of de- 
hydroascorbic acid reaching the islets. It is 
claimed that the injection of adrenaline fol- 
lowing the administration of a blocking agent 


causes a dilatation of the splenic vessels(6). 
If the injection of dehydroascorbic acid pro- 
duces a similar effect in the atropinized rat the 
shunting of blood past the pancreas would be 
even greater. 

Summary. The administration of atropine 
before the intravenous injection of dehydro- 
ascorbic acid prevents diabetes. This effect 
of atropine is not observed in splenectomized 
rats. 
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Inhibition of Mumps Virus Multiplication by a Synthetic 
Polypeptide.* (20514) 


Maurice GREEN AND Mark A. STAHMANN. 


From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


Synthetic lysine polypeptides have been 
demonstrated to reduce tobacco mosaic virus 
infectivity(1), to inhibit the growth of influ- 
enza virus in the chick embryo(2), to inhibit 
the multiplication of a bacteriophage(3), and 
to protect embryonated eggs infected with 
several strains of infectious bronchitis virus 
and Newcastle disease virus(4). In the pres- 
ent communication it will be shown that 
synthetic lysine polypeptides markedly re- 
duce the susceptibility of the chick embryo 
to infection with mumps virus. Inhibition 
of mumps virus multiplication in the allan- 
toic sac was obtained when very small 
amounts of polypeptides were injected either 
in the allantoic sac or yolk sac. Striking re- 
duction in virus proliferation was obtained 
when the polypeptide was administered either 
1 hour before infection or as late as 36 hours 
after infection with mumps virus. 
is presented to show that the virus per se is 
not demonstrably inactivated by the lysine 
polypeptides. 

Materials and methods. (a) Virus. The 
Enders strain of mumps virust used in these 
studies has undergone an unknown number 
of passages in monkeys’ parotid glands, and 
12 amnion and 36 allantoic sac passages in 
embryonated eggs. The virus was cultivated 
in the allantoic sac of 7-day old embryos 
which were incubated at 37°C for 6 days after 
inoculation. The allantoic fluids were harv- 
ested after preliminary chilling at 4°C for 
several hours. Virus inoculum pools were 
prepared as a 10% solution of infected allan- 
toic fluid in sterile horse serum (previously 
heated at 56°C for 30 minutes). The prep- 
aration was divided into several aliquots 


* Published with the approval of the Director of 
’ the Wisconsin Agricultural Experiment Station. Sup- 
ported in part by a research grant from the 
National Institutes of Health, United States Public 
Health Service. 

t+ We would like to thank Dr. N. S. Khoobyarian 
for a culture of mumps virus. 
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which were stored at —70°C. Individual ali- 
quots were then used and discarded. 

(b) Polypeptides. The lysine polypeptide 
hydrochlorides? (5) were dissolved in physio- 
logical saline and these solutions adjusted to 
pH 6.3 with alkali. The glutamic acid poly- 
peptide(6) was dissolved in an equivalent 
amount of alkali and the solution adjusted to 
pH 7.3. All solutions were passed through a 
Seitz filter and tested for bacterial sterility. 
The maximum non-lethal dose of the lysine 
polypeptides was about 1.0 mg per chick em- 
bryo and of the glutamic acid polypeptide 
greater than 20 mg per embryo. 

(c) Virus infectivity titrations. Serial 10- 
fold dilutions of infected allantoic fluid were 
made in 0.85% saline and 0.1 cc amounts 
injected into groups of 4 eggs intra-allantoic- 
ally. After 6 days incubation at 37°C, each 
allantoic fluid was removed after preliminary 
chilling and tested for its ability to agglutinate 
chicken erythrocytes. Virus infectivity titra- 
tion end points (I.D. 50) were calculated by 
the 50% end point method of Reed and 
Muench(7). 

(d) Virus hemagglutination titrations. 
Serial 2-fold dilutions of infected allantoic 
fluid were prepared in 0.85% saline, and to 
0.5 cc of each dilution in 10 x 75 mm pyrex 
culture tubes was added 0.25 cc of a 1% 
suspension of washed chicken erythrocytes. 
The tubes were read after standing 1 hour 
at room temperature and the end point was 
taken as the highest dilution at which com- 
plete or partial agglutination of the red blood 
cells occurred. 

(e) Reproducibility of hemagglutination 
titration end points. To evaluate accurately 
the significance of differences in hemagglutina- 
tion titers between control and treated groups 
of embryos, it was essential to calculate the 
reproducibility of titers under uniform con- 
ditions. Therefore, the standard error of 
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TABLE I. Reduction of Hemagglutination Titer of Mumps Virus in Allantoic Fluid of Chick 
Embryos Injected with Polylysine. 
ws f Hemagglutination titer* 
ain (2nd inj., .1 ee Difference 
_ist inj., .1 ce = intra-allantoic Geometric from 
intra-allantoic (1 hr later) Individual allantoie fluids mean Log mean control log 
E.1.D.+ 

Saline 10 128 - 256 32 16 65 1.81 

.4mg PL} 2 0 0 0 0 1.81 5 

2mg PGAS uy 256; 256 256 16 128 2.11 0 

Saline 30 DID EeaGs 2287-128 224 2.35 

4mg PL % 4 0 0 2 20 2.15 

Saline 300 320: 253205 “160 160 221 2.33 

4mg PL @ 0 32 32 2 7 83 1.50 

Saline 3000 128 128 64 103 2.01 

.4mg PL & 8 0 8 4 .60 1.41 

‘Saline 30000 256 256 256 256 256 2.41 

.4mg PL % Sige 8 0 6 75 1.66 

Saline 300000 64 256 256 256 170 2.23 

2mg PL ag 32 64 16 64 38 1.58 .65| 


* Expressed as the reciprocal. 
+ H.I.D. = embryo infectious doses. 
t Polylysine of avg molecular wt 4900. 


§ Polyglutamie acid of avg molecular wt 4800. 
|| Statistical analysis by t test shows that 0.65 log unit difference was highly significant and 
would occur by chance less than 1 out of 50 times. 


the geometric means of the hemagglutination 
titers of 9 groups of 3 or 4 embryos infected 
with 30 infectious doses of mumps virus was 
determined. The standard deviation of the 
distribution of end points (geometric mean 
of each group of infected embryos) was 0.24 
log unit. 

Experimental. In all experiments, fertile 
White Leghorn eggs were employed. The con- 
centration of virus in the allantoic fluids was 
measured by the hemagglutination technic 6 
days after infection with the virus(7). Gins- 
berg, Goebel, and Horsfall(8) have shown 
that hemagglutination is caused by the mumps 
virus particle itself and that the hemagglu- 
tination titer is a direct measure of virus con- 
centration. 

(a) Effect of polylysine on chick embryos 
infected with various levels of mumps virus. 
The experiments presented in Table I were 
carried out to determine the extent to which 
the administration of polylysine would inhibit 
the multiplication of mumps virus in the chick 
embryo. Groups of 3 or 4 embryos were in- 
jected with 0.2 or 0.4 mg of polylysine intra- 
allantoically. Control embryos were injected 
with saline. Levels of mumps virus ranging 
from 10 to’300,000 infectious doses were then 


inoculated 1 hour later by the same route. 
After 6 days incubation at 37°C, the eggs 
were harvested and the hemagglutination titers 
of the individual allantoic fluids determined. 
It is evident from Table I that the mean 
hemagglutination titers of the allantoic fluids 
from each group of embryos which had re- 
ceived polylysine and had been subsequently 
infected with from 10 to 30,000 infectious 
doses of mumps were strikingly lower than 
the controls. At these levels of virus. only 
0.7-4% of the maximum concentration of 
virus was produced in the presence of poly- 
lysine as measured by hemagglutination. The 
multiplication of mumps virus was significant- 
ly reduced even when 300,000 infectious doses 
of virus were injected. Polyglutamic acid of 
the same molecular weight had no effect on 
mumps virus multiplication. 

There was no demonstrable hemagglutina- 
tion in many of the infected embryos treated 
with polylysine. It has been previously shown 
(8) that virus titers of the order of 10+°° or 
higher are necessary before hemagglutination 
is demonstrable with mumps virus. Thus the 
zero values for the hemagglutination titers of 
many of the polylysine treated embryos could 
represent virus titers values ranging from 0 
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TABLE II. Reduction of Both Hemagglutination and Infectivity Titers of Mumps Virus in 
Allantoic Fluid of Chick Embryos Injected with Polylysine. 


2nd inj., .1 ce intra- 
allantoic (1 hr later) 


Ist inj., .1 ce 
intra-allantoi¢ 


22mg PL* 30 E.I.D. 


93. ”? 


30 E.1.D. 


” 2 


Hemagglutination Infectivity virus titra- 
titer of allantoic fluid. tion end point ID,, log 
0 —3.7 
0 —2.7 
0 —4.0 

-3.5 Avg 
1:256 7.5 
1:256 
1:128 


—4.0 Difference 


* Polylysine of avg molecular wt 4900. 


TABLE III. Effect of Different Quantities of Polylysine on Hemagglutination Titer of Allan- 
toic Fluids Obtained from Chick Embryos Inoculated with 30 E.I.D. of Mumps Virus. 


—————————SSSaESESaSaaEaESaSanaBBnnBnn=HSS=ZSS=S=S=S=S=—eaeauaaeeaaaaaaaaaae 0060606005600 00808088 


1st inj., .1 ce 
intra-allantoie 


2nd inj., .1 ce intra- 
allantoic (1 hr later) 


Saline 
4Amg PLt 


Saline 
04mg PLt 


Saline 30 B.1.D. 
.01 mg PLt % 
.001 mg PLt f 


Saline 

04mg PL 
01 mg PLit ae 
.001 mg PLt ” 


30 B.L.D. 


30 E.I.D. 


Hemagglutination Difference from 
titer* of allantoic fluids controls, log 
224 
2 2.15 
130 
0 2.11 
65 
6 1.06 
100 0 
103 
0 2.01 
2 1.73 
1g) .75 


* Expressed as reciprocal of geometric mean of hemagglutination titers of allantoic fluids 
from groups of 3 or 4 chick embryos obtained 6 days after inoculation. 


+ Polylysine of avg molecular wt 4900. 
t Polylysine of molecular avg wt 20000. 


to 10+°°. It is therefore likely that in many 
cases the values for the reduction in virus 
concentration produced by polylysine, as rep- 
resented by differences between treated and 
control hemagglutination titers, are minimum 
values due to the averaging into the mean of 
the zero values on the hemagglutination titer 
scale. To elucidate this, a separate experi- 
ment was done in which both hemagglutina- 
tion and infectivity titers were simultaneously 
determined. A difference in hemagglutination 
titers between treated and control embryos was 
log 2.17, representing a 150-fold decrease in 
virus concentration (Table II). However, 
the actual reduction in virus concentration 
produced by polylysine, as revealed by infec- 
tivity titrations, was log 4.0, or a 10,000-fold 
decrease in virus production. Therefore the 
inhibition of mumps virus multiplication is 
probably greater than here reported in many 


instances where zero hemagglutination titers 
were obtained. These results also clearly 
demonstrate that the reduction in the hemag- 
glutination titers of polylysine treated em- 
bryos was not due to an inhibition of the 
hemagglutination reaction, but represents a 
true inhibition of virus multiplication. 


(b) Effect of different quantities of poly-— 


lysine on mumps virus multiplication. In 
Table III are summarized the results of ex- 
periments to determine the least amount of 
polylysine which would inhibit mumps virus 
multiplication. Levels of polylysine from 1 to 
40 wg were administered-to embryos subse- 
quently treated with mumps virus. Poly- 
lysine of molecular weight 4900 was effective 
in inhibiting virus multiplication at the 10 
vg level but not at the 1 yg level. Polylysine 
of molecular weight 20,000 was even more 
effective, inhibition of virus multiplication be- 
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TABLE IV. Effect of Time Interval between Injections of Mumps Virus and Polylysine. 


iad Hemagglutination* Difference 
; 1st inj., .1 ce 2nd inj., .1 ce titer of allantoic fluids from 
intra-allantoic Interval, hr intra-allantoie Treated Control controls, log 
4Amg PLt 1 30 E.1.D. 2 224 2.15 
30 E.I.D. 8 4mg PL 0 130 2.11 
4 24 2mg PL 1 204 2.16 
4 36 2mg PL 0 204 2col 
ss 44 a 24 46 35 
52 ca 5 46 .98 
A 56 ze 106 65 0 
es 80 a 96 65 0 


* Expressed as reciprocal of geometric mean 


of hemagglutination titers of allantoic fluids 


from groups of 3 or 4 chick embryos obtained 6 days after inoculation with virus. 


t Polylysine of avg molecular wt 4900. 


_ TABLE VY. Effect of Injection of Polylysine into Yolk Sac upon Hemagglutination Titer of 
Mumps Virus in Allantoie Fluid of Chick Embryos. 


: Hemagglutina- Difference 
ri ya ine tion titer* of from 
Ist inj., Ice interval, hr 2nd inj., .1 ce allantoic fluids controls, log 

Saline (AS) t is 30 E.I.D. (AS) 204 
4mg PL|| (YS)¢ 1 ce 0 Deol 
Saline (AS) 1 30 E.I.D. (AS) 100 
.2mg PL§ (YS) 26 t 32 45 
-2mg PL|| (YS) a % 24 62 


* Expressed as reciprocal of geometric mean of hemagglutination titers of allantoic fluids 
from groups of 3 or 4 chick embryos obtained 6 days after inoculation. 


+t AS — Allantoie sae route. 
t YS — Yolk sae route. 
§ Polylysine of avg molecular 


I “ 


wt 4900. 
” 20000. 


ing obtained with only 1 yg of the polypeptide. 
(c) Effect of time interval between injec- 
tion of mumps virus and polylysine. Experi- 
ments were carried out to determine how long 
after inoculation of mumps virus polylysine 
was capable of causing inhibition of virus 
multiplication (Table IV). A single injec- 
tion of 0.2 mg of polylysine, given 1 hour 
before or as late as 36 hours after inoculation 
of mumps virus, drastically inhibited viral 
multiplication. In all cases the differences 
between hemagglutination titers of allantoic 
fluids obtained from controls and those treated 
within 36 hours was over 2.0 log units. This 
reflects at least a 99.5% inhibition of viral 
multiplication. Inhibition by polylysine be- 
came less striking as the time interval was 
further increased, and no inhibition could be 
demonstrated when the polypeptide was inocu- 
lated 56 hours after infection with mumps. 
(d) Effect of injection of polylysine into 
yolk sac. Experiments were carried out to 
determine whether injection of polylysine by 


a route other than the allantoic sac would 
also cause inhibition of mumps virus multi- 
plication in the allantoic sac. The injection 
of 0.4 mg of polylysine, of molecular weight 
4900, in the yolk sac 1 hour before inocula- 
tion of mumps virus in the allantoic sac com- 
pletely inhibited hemagglutinin formation in 
the allantoic sac (Table V). However, poly- 
lysine of molecular weight 20,000 when in- 
jected in the yolk sac had much less inhibitory 
effect on the multiplication of mumps virus 
in the allantoic sac. It appears that the smaller 
polypeptide can more readily pass from the 
yolk sac to its site of action in the allantoic 
sac. When the smaller polypeptide was inoc- 
ulated in the yolk sac 26 hours prior to in- 
jection of mumps virus, no significant inhi- 
bition of viral multiplication was obtained. 
Apparently, polylysine is metabolized, bound 
to protein, or removed in some manner from 
circulation within 26 hours after inoculation. 
This is supported by previous work which 
showed that polylysine cannot be demon- 
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TABLE VI. Effect of Polylysine on Mumps Virus Jn Vitro. 


Mixture held at 38°C 30 min. 


Constituents of inoculum 


Virus titration 


~ 


Mumps virus Balas Infectivity end point ID;,, 
dilution Solvent Mumps virus ypg/embryo score log 

10+ "Saline 10% 0 3/3 

« y Os 0 1/4 z 

He To 0 0/4 6.75 
Os PL,* .5 mg/ce Oe 5) 3/3 
Be 4 DOs 05 2/4 

ae One 3) 0/4 -7.00 


* Polylysine of avg molecular wt 4900. 


strated in allantoic fluid by hemagglutination 
technic 24 hours after inoculation into the al- 
lantoic sac of chick embryos(9). 

(e) Effect of polylysine on mumps virus in 
vitro. It was of interest to determine whether 
the very basic lysine polypeptide caused in- 
activation of the mumps virus particle. Hence, 
mumps virus was incubated with polylysine as 
indicated in Table VI, serial decimal dilutions 
of the mixture were then made with saline, 
and a virus infectivity titration carried out. 
As a control, the same procedure was repeated 
substituting saline for polylysine in the incu- 
bation mixture. Despite the presence of a 
high concentration of polylysine and a rela- 
tively low concentration of mumps virus in 
the incubation mixture, the infectivity titer 
of the virus after treatment with polylysine 
was not significantly different from the control, 
indicating that polylysine was not virucidal 
and that the effects observed in vivo cannot 
be readily explained by an inactivation of 
mumps virus by polylysine. However, these 
findings do not rule out the possibility of a 
reversible combination of polylysine with 
mumps virus in such manner as not appreci- 
ably to inactivate the virus. 

Discussion. The evidence here presented 
demonstrates that polylysine inhibits multipli- 
cation of mumps virus in the allantoic sac of 
the chick embryo. These results are particu- 
larly striking since marked inhibition was ob- 
tained when large quantities of virus were 
given (7.€., 300,000 infectious doses). Inhi- 
bition of viral growth was obtained with as 
little as 1 yg of polypeptide per embryo. It 
is important that the inoculation of polylysine 
as late as 36 hours after injection with mumps 
virus drastically inhibited viral multiplication, 
and that polylysine could be administered by 


a route other than that of virus inoculation;: 
injection of a 4900 molecular lysine poly- 
peptide in the yolk sac completely inhibited 
hemagglutinin formation in the allantoic sac. 

Polylysine has been shown to be effective 
against a number of viruses in the chick em- 
bryo: influenza A, infectious bronchitis virus. 
of chickens, Newcastle disease virus, mumps. 
virus, and recently influenza B_ virus(10). 
The mechanism of action of polylysine in in- 
hibiting viral multiplication deserves further 
consideration. The extreme reactivity of poly- 
lysine makes it difficult to discover precisely 
where in the chain of virus reproduction the: 
polypeptide exerts its effect. It has been 
previously reported that polylysine will com- 
bine with red blood cells(9), tobacco mosaic 
virus(1), bacteria(11), nucleic acids(12) and. 
many proteins(13). In view of this marked 
reactivity of the polypeptide, several possible: 
modes of action of polylysine can be postu- 
lated: 1. The polypeptide might inactivate 
the virus particle per se. This is not sup- 
ported by data here presented where it was 
shown that incubation of the virus with large 
quantities of polylysine did not demonstrably 
alter its infectivity. 2. Polylysine might com-. 
bine with the virus particle extracellularly in 
a manner similar to neutralizing antibodies. 
so that the virus cannot attach to the host. 
cell. However, antibodies in general are com- 
pletely ineffective in preventing viral prolif- 
eration once virus has penetrated the cell. In 
contrast, polylysine is effective when inocu- 
lated up to 36 hours after infection with 
mumps virus. Thus, polylysine inhibited viral 
multiplication when inoculated any time with- 
in the first cycle of multiplication and even 
into the second cycle of multiplication(14). 
In this respect, the action of polylysine in 
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inhibiting viral multiplication is different from 
that of antibodies. 3. Polylysine might com- 
bine with receptor cell sites and thus pre- 
vent virus-cell interaction. This is suggested 
by the fact that both virus and polylysine 
combine with and agglutinate red blood cells. 
However, there is no necessary correlation be- 
tween the ability of polypeptides to inhibit 
viral proliferation and to combine with red 
blood cells, for polyglutamic acid, which also 
agglutinates erythrocytes(10), does not in- 
hibit viral multiplication. It is important in 
this respect to point out that polylysine is 
effective as an inhibitor of mumps virus multi- 
plication in the chick embryo when inoculated 
after virus adsorption is complete. There re- 
mains a possibility that virus-cell interaction 
might be prevented in the second cycle of 
multiplication of the virus. However, since 
polylysine is not effective when given 26 hours 
before virus it would seem that the polypep- 
tide would not remain available in the em- 
bryo over the 32 hours required for a com- 
' plete cycle of multiplication of mumps virus. 

4. Polylysine might prevent release of new 
virus particles from infected cells. We have 
no experimental data bearing on this possi- 
bility. 5. Polylysine might act intracellularly 
by diffusing into the cell and combining with 
intact virus, virus fragments, or intermediates 
in virus formation within the cell. Combina- 
tion with intermediates in virus synthesis 
would seem possible in view of the known re- 
activity of polylysine and the ease with which 
it combines with proteins, nucleic acid, and 
tobacco mosaic virus by formation of ionic 
bonds with acidic groups. Such a combina- 
tion should obey the law of mass action and 
an equilibrium would be established between 
polylysine, virus-intermediate and the poly- 
lysine-virus-intermediate complex. If this 
were the case, increasing the amount of poly- 
lysine administered would reduce the concen- 
tration of free virus intermediate and virus 
multiplication would be correspondingly di- 
minished. Likewise by increasing the virus 
inoculum or by delaying the injection of poly- 
lysine for sufficient time, the concentration of 
free virus intermediate would be increased and 
inhibition reduced. The results reported here 
are consistent with this explanation. 

Virus inhibition by lysine polypeptides may 
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involve more than a single mode of action. 
The biological effects of the polylysine are no 
doubt associated with its reactivity in com- 
bining with acidic groups. Whether these 
groups involved are on the surface of virus 
particles, virus intermediates, virus receptor 
sites or other critical substances necessary for 


virus formation cannot yet be decided. It 


is possible that such combinations may occur 
outside the cells, on the cell surface, or within 
the infected cell. 


The antiviral activity of the lysine poly- 
peptides is sufficiently high to warrant further 
investigation. These studies are being con- . 
tinued and the effects in experimental animals 
are now under study. 


Summary. Lysine’ polypeptides cause 
marked inhibition of the multiplication of 
mumps virus in the allantoic sac of the chick 
embryo. Inhibition was obtained with as little 
as 1 pg of polypeptide. Polylysine was effec- 
tive when injected as late as 36 hours after 
inoculation of virus. The polypeptide caused 
inhibition of viral multiplication in the allan- 
toic sac when injected either in the allantoic 
sac or the yolk sac. Possible mechanisms of 
inhibition of viral multiplication are discussed. 
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Thromboplastinase, a New Enzyme Which Destroys Thromboplastin. 
(20515) 


S. Gortus, D. FetpMAn,* D. C. SCHECHTER, F. E. Kapian, AND D. R. MERANZE. 
From the Department of Research, Albert Einstein Medical Center, Southern Division, Philadelphia. 


The nature of thromboplastin has long been 
a subject of investigation. This material is 
clearly described only in terms of its activity: 
the initiation of the blood coagulation process. 
The most active, best characterized thrombo- 
plastic preparation to date is the lipoprotein 
fraction obtained by differential centrifuga- 
tion according to Chargaff(1). Whether 
thromboplastic activity is associated with a 
specific molecule, a type molecule, or a com- 
bination of factors awaits clarification. The 
nature of the active lipid moiety of thromho- 
plastic preparations likewise remains obscure. 
The relationship between the active materials 
in thromboplastic suspensions prepared from 
different tissues, as well as that found in hu- 
man blood is undetermined. The preparation, 
preservation, variation in activity and funda- 
mental mode of action of this material con- 
sequently remain empirical and ill-understood. 

This laboratory recently reported on the 
marked reduction of thromboplastic potency 
in tissue suspensions due to a bacterial con- 
taminant(2). The organism was later found 
to accomplish this potency reduction by virtue 
of an adaptive enzyme which it elaborated. 
Bacteriological studies are presented elsewhere 
(3); 

This communication will describe the prepa- 
ration and properties of the new enzyme, ten- 
tatively called ‘‘thromboplastinase” which we 
believe will be a useful tool in the investigation 
of thromboplastin. Our studies have led to 
evidence for a structural moiety necessary for 
thromboplastic action which is common to 
thromboplastic suspensions of different origins. 


* Present address: Laboratories, Brooklyn V. A. 
Hospital, Brooklyn, N. Y. 


Materials. Glassware. All glassware was 
scrupulously cleaned in detergent, dichromate 
cleaning solution and then thoroughly rinsed. 
Plasma. Normal human plasma was collected 
in 1/9 volume oxalate in glass test tubes, cen- 
trifuged, and the supernatant plasma removed. 
Thromboplastin. Rabbit brain(4), human 
placenta(5), or human brain(3) were used 
as sources of thromboplastin. Thromboplast- 
inase. An adaptive enzyme elaborated by a 
Bacillus cereus-B. megatherium intermediate 
under certain conditions.t+ This organism 
grew well in a simple medium of salts and 
sugar, without elaborating thromboplastinase. 
However, if the substrate was a biological 
source medium such as a thromboplastic tissue 
extract or Brain Heart Infusion, (Difco), the 
enzyme was formed. Growth and enzyme pro- 
duction proceeded as well when the dialysate 
of Brain Heart Infusion was used as the 
medium. The dialysate was therefore em- 
ployed to avoid the extraneous protein of the 
Brain Heart Infusion. The following method 
was then used to obtain crude enzyme. 

A Brain Heart Infusion dialysate was pre- 
pared by placing a dialysis bag containing 250 
ml of 0.9% Brain Heart Infusion into 1 liter 
of distilled water in a 2 liter flask and auto- 
claving at 15 lb for 20 minutes. Upon cool- 
ing, the sterile dialysate was seeded with a 
24-hour (37°C) culture from a Brain Heart 
Infusion-agar slant and allowed to incubate 
at 37°C for 24 hours. During the course of 
this incubation, a progressive increase in 
enzyme activity of the culture medium was. 


t Previously mistakenly reported to be B. subtilis. 
+ Obtainable from ATCC as No. 10987 (NR 
Smith’s strain 248). 
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a. from air con- 


taminant; b. from an actively growing culture of the organism introduced as such into the 
thromboplastic suspension; ¢. from a cell-free crude enzyme preparation. 


_ demonstrable. Incubation for longer periods, 
or at higher temperatures resulted in decreased 
activity or decreased elaboration of enzyme. 
The culture medium (1 liter), rendered cell- 
free by centrifugation,’ was employed as a 
crude, active enzyme preparation. This crude 
cell-free preparation was stable for 2-3 days 
at 0-5°C. Partial purification and concentra- 
tion of the enzyme preparation was effected 
by adsorption at 0-5°C on Cag (PO,4)o in 
final concentration of 0.2%. Elution at 25°C 
with 100 ml of 0.5 M Na Citrate was followed 
by centrifugation. 

After dialysis at 0-5°C, which resulted in 
no loss of activity, this preparation was lyo- 
philized. The yield was about 25 mg of a 
fluffy white powder which was stable indefi- 
nitely under refrigeration. Aqueous solutions 
of this powder were stable for a week under 
refrigeration. 

Methods. Assay of enzyme activity: A 
modified one-stage test. The activity of the 
enzyme was measured in terms of substrate 
(thromboplastin) destruction. This was con- 
veniently done by adapting the one stage 
method of Quick(4) to a test for thrombo- 
plastin. 


§ Seitz filtration is to be avoided as it causes a 
partial loss of enzyme activity by adsorption. 


When equal parts of normal human oxalated 
plasma, isotonic NaCl and CaCl. (.025 M) 
were mixed at 37°C and the clotting time de- 
termined, clot formation was observed after 
about 2 minutes. The reaction rate was 
greatly increased (the clotting time was sharp- 
ly decreased) to about 13 seconds when a sus- 
pension of active tissue thromboplastin was 
substituted for the isotonic NaCl in the above 
procedure. Less active thromboplastic sus- 
pensions gave longer clotting times. The 
clotting time, as a function of the thrombo- 
plastic concentration, is shown in Fig. 2 where 
the various concentrations of thromboplastin, 
in percent, were obtained by simple dilution 
with saline of the thromboplastic stock prepa- 
ration. 


Thromboplastinase action was gauged then 
by the loss of potency of thromboplastic 
suspension after the enzyme and _ substrate 
were mixed and incubated. The incubating 
mixture consisted of 4 parts by volume throm- 
boplastin, 5 parts CaCl. and one part throm- 
boplastinase. The residual thromboplastic 
potency of the mixture was estimated by using 
it as a source of thromboplastin in the one- 
stage test. The calibration curve shown in 
Fig. 2 was used to translate to percent throm- 
boplastin the clotting times obtained with the 


860 
100 
THROMBOPLASTIN 
Per cent 
thromboplastin. DILUTION CURVE. 
5 20 25 3 
Clotting time in secs. 
FIG. 2. Clotting time—dilution curve of an ace- 


tone-dried rabbit brain thromboplastin. 100% 
thromboplastin — least concentration which empiri- 
cally yielded shortest clotting time. 


incubated mixture. 

To interpret the loss of thromboplastic ac- 
tivity as being due to destruction of thrombo- 
plastin, two conditions had to be satisfied: 1) 
boiled enzyme had to be ineffective and 2) no 
inhibitor should have been formed as a result 
of thromboplastinase activity. As will be seen 
below both these conditions were met. We 
therefore use Fig. 2 as a calibration curve for 
translation of clotting time to residual percent 
thromboplastin and by difference obtain the 
thromboplastin destroyed. Calibration curves 
should be set up for each laboratory, since 
thromboplastic potency is notoriously variable. 
Preparation of active, stable, reproducible 
thromboplastic suspensions has been described 
elsewhere(6). 

Results. The time course of thromboplastic 
destruction by the bacterial enzyme thrombo- 


plastinase is shown in Fig. 1. Curve “a” 
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represents that obtained when thromboplastic 
suspension is allowed to incubate in open ves- 
sels. The sudden rise of clotting time (loss of 
thromboplastic potency) was observed to oc- 
cur after 6-8 hours. Plasma coagulation fac- 
tors are not responsible for this clotting time 
rise(2). 

Curve “b” represents that obtained when an 
actively growing culture of the organism is 
inoculated into the thromboplastic suspension. 
Here the “break” in the curve was seen to 
occur after about 2 hours. 


Curve “‘c” is that obtained when a cell-free 
preparation of thromboplastinase was added to 
thromboplastic suspension. It is seen that 
thromboplastinase action was immediate. 

The data summarized below indicate the 
enzymatic nature of thromboplastinase action. 
Fig. 3 shows that the loss of thromboplastic 
potency caused by thromboplastinase was con- 
tinuous over a time course. Fig. 4 shows that 
the rate of destruction of thromboplastin was 
a function of enzyme concentration. Small 
amounts of enzyme were effective: using a 
crude preparation, less than 1 part of enzyme 
to 10,000 parts of thromboplastic suspension 
almost completely inactivated the latter in less 
than 5 minutes. The active enzyme was re- 
covered in the supernatant of the altered 
thromboplastic suspension. In a typical ex- 
periment the enzyme concentration was ad- 
justed so as to just give 90-100% inactivation 
of the thromboplastin in the given incubation 
time. Then employing high speed centrifuga- 
tion (R.C.F. 20,000 G) the altered thrombo- 
plastic suspensions were separated from the 
supernatants containing the enzyme This 
supernatant was then used as the suspending 
fluid for fresh unaltered thromboplastic pellets 
obtained by similar centrifugation. Thrombo- 
plastic potency of this mixture was then de- 
termined after the same incubation period. ~ 
Suitable controls were employed. The enzyme 
activity after 3 such recoveries was still high, 
approximately 98%, 92% and 83% thrombo- 
plastin being destroyed respectively. 

The enzyme was inhibited by substances in 
trace amounts. The search for and use of in- 
hibitors of thromboplastinase was complicated 
by the requirement that these inhibitors must 
not affect any of the reactions of the blood 
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FIG. 3. Action of ‘‘thromboplastinase’’ on rabbit brain thromboplastin over a 120-min. time 
course. Boiled enzyme was ineffective. 


clotting process since this is the means em- 
ployed at present to assay thromboplastinase 
activity. Of many substances tested, cupric 
ion in final concentration of 10* was found 
to be suitable and to inhibit completely de- 
struction of thromboplastin by thromboplas- 
tinase. 

The action of thromboplastinase did not 
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FIG. 4. ‘‘Thromboplastinase’’ activity as a func- 


tion of concentration. 


cause a pH change which might account for 
the loss of thromboplastic potency. When the 
reaction was allowed to proceed in the absence 
of added buffer, the pH of the incubating 
mixture remained at 6.4-6.5 throughout. 
Moreover, pH titration curves with acid or 
alkali pre- and post-incubation were not 
significantly different. A clotting inhibitor 
was not formed by the action of the enzyme. 
Neither the altered thromboplastic suspension, 
nor its centrifuged sediment, nor its super- 
natant showed thromboplastic activity or in- 
hibition of thromboplastic activity when added 
to fresh thromboplastic suspensions. Thus the 
conversion of clotting time to percent throm- 
boplastin discussed previously seems to be 
valid. 


The data presented thus far were obtained 
with the enzyme acting on rabbit brain throm- 
boplastic suspensions. In testing thrombo- 
plastinase against thromboplastic suspensions 
of other tissues and other animals, we found 
that thromboplastinase also decreased the po- 
tency of all thromboplastic suspensions tried 
to date (Table I). Note that Russel-Viper 
venom, a non-thromboplastic accelerator of 
blood clotting was not affected by thrombo- 
plastinase. The destructive action of thrombo- 
plastinase on thromboplastin of whole blood 
components is reported elsewhere(7). 

We have, as yet, found no other enzyme to 
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TABLE I. Action of ‘‘Thromboplastinase’’ on a 
Variety of Thromboplastic Substrates. 


Clotting times (sec.) 


Source T zero T 60 min. 
Rabbit brain 12.6 50 
Sal bayes 11.4 82 
Beef y 15.0 101 
Human placenta 12.1 130 
OLS lorena 12.9 83 
Rat * 27.9 65 
Mouse 41.1 95 
Russel viper venom 20.2 21 


cause such a rapid destruction of thrombo- 
plastin. Commercial preparations of lipase, 
rennin, papain, pepsin, trypsin, pancreatin and 
amylase did not reduce the clotting potency 
of thromboplastic suspensions. Crude jack 
bean meal urease caused a slight decrease in 
thromboplastin potency. Crystalline urease 
was without effect. Twelve organisms, com- 
mon air contaminants, other than ATCC No. 
10987, grown and tested under similar con- 
ditions failed to produce-an active enzyme. 


The action of the thromboplastinase is ap- 
parently highly specific. The enzyme yielded 
negative tests for lecithinase(8) phosphomono- 
esterase(9), lipase(10) ATP-ase(11) RNAse 
(12). Gelatin was not liquefied by the 
enzyme. No split of phosphorus was ob- 
served with cephalin as a substrate. There 
was no evidence of a nitrogen-split with throm- 
boplastin as substrate using a micro-Kjeldahl 
procedure for analysis. 

Attention was turned to the biochemical 
changes which bring about or accompany the 
loss of thromboplastic activity. The sub- 
strate employed in these investigations was a 
“Chargaff preparation” from human placenta. 
In these experiments, enzyme and substrate 
were mixed and incubated and aliquots re- 
moved over a time course for analysis. One 
aliquot was analyzed for thromboplastic po- 
tency; another was removed simultaneously, 
and after cold trichloracetic acid precipitation 
was centrifuged in the cold. and analyzed for 
phosphorus content of the supernatant fluid. 
Three controls were employed: 1) An incuba- 
tion mixture having the usual boiled enzyme 
- control; 2) a control in which all factors were 
kept the same as the test incubation mixture 
except that copper was added initially to the 
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incubation mixture and 3) a final control in 
which the copper was added after the reaction 
had been allowed to proceed to about half 
completion. These latter two controls were 
of special significance since it had been found, 
as mentioned earlier, that copper was an in- 
hibitor of enzyme action. It was of interest 
then to determine whether chemical changes 
could be correlated with functional changes 
in thromboplastin. Results are shown in Fig. 
Ss 

It is seen that with placenta thromboplastin 
as substrate, an increase in inorganic phos- 
phorus of the supernatant was found, which 
was correlated with destruction of thrombo- 
plastin. The fact that addition of cupric ion 
to the reaction mixture either initially or dur- 
ing the reaction immediately stopped both loss 
of thromboplastic potency and the split of 
phosphorus suggests the identity of these two 
phenomena. 

Further work of this type employing rabbit 
brain thromboplastin or human brain thrombo- 
plastin indicated that analyses for organic 
rather than inorganic phosphorus was a more 
reliable index of the chemical action of throm- 
boplastinase. Such analyses were made by 
digesting the supernatant samples, then 
analysing for inorganic phosphorus by the 
method of King(13). 


Discussion and conclusions. A previous 
‘Leqend:- 
A sunboiled enzyme oe . 
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FIG. 5. Loss of thromboplastie activity and split. 
_of inorganic phosphorus due to enzyme action.. 
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communication indicating a sudden potency 
loss of thromboplastic suspensions due to bac- 
terial contamination can now be attributed to 
the elaboration of the enzyme thromboplastin- 
ase by a specific micro-organism. So far as 
we know, thromboplastinase is the only 
enzyme capable of destroying tissue thrombo- 
plastins of diverse sources, prepared in sev- 
eral different ways. The mode of action of 
this enzyme is apparently highly specific, in- 
volving a split of organic phosphorus seeming- 
ly correlated with the loss of thromboplastic 
potency. A conclusion from such evidence 
that tissue thromboplastin of different organs 
or of different species are the same is no doubt 
premature. It would appear, however, that 


_ they do contain a common structural unit, 


necessary for thromboplastic activity which is 
susceptible to thromboplastinase cleavage. 
Analysis of 3 different thromboplastic prepa- 
rations indicates that this common moiety 
contains phosphorus. There seems, moreover, 
to be a quantitative relationship between 
thromboplastin destroyed and_ phosphorus 
liberated as a result of thromboplastinase ac- 
tion. This suggests the possibility of calibrat- 
ing different thromboplastic preparations in 
terms of this functional phosphorus rather 
than in terms of non-specific nitrogen content 
of the tissue preparation. Further work re- 
ported elsewhere(14) indicates that the site 
of thromboplastinase action is on that portion 
of thromboplastic lipid which is associated 
with the inositol phosphatide fraction. 


Summary. Thromboplastinase, a new 


enzyme of bacterial origin has been reported 
and its preparation and mode of action de- 
scribed. To our knowledge, this is the only 
enzyme which is apparently specific for 
thromboplastin. The split of a phosphorus 
moiety, apparently necessary for thrombo- 
plastic activity has been correlated with 
enzyme action. The theoretical and practical 
implications of these observations are dis- 
cussed. 


This work was supported in part by a grant, 
RG2927C, from the National Institutes of Health. 
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Reaction of Certain Phytoagglutinins with Flexner-Jobling Carcinoma 


Cells of the Rat.* 


(20516) 


W. J. NUNGESTER AND G. VAN HALSEMa. 


From the Department of Bacteriology, University of Michigan. 


The complexity of the surface of all mam- 
malian tissue cells is suggested by our knowl- 
edge of the various antigens that make up the 
surface of human erythrocytes. It is possible 


* Aided by a grant from the Michigan Memorial 
Phoenix Project. 


that the surfaces of cells vary not only with 
their histological classification, but also with 
their state of health. It is not illogical to 
postulate that the surface of epithelial cells of 
a carcinoma could be differentiated from the 
cell surfaces of related normal cells if proper 
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means for making such measurements were 
available. 

Several years ago the senior author and his 
colleagues(1) made a limited comparative 
study of the cell surfaces of guinea pig leuko- 
cytes and erythrocytes as measured by several 
different criteria, namely the reaction of these 
cells with 1) specific antiserums, 2) influenza 
virus, 3) pneumococcus polysaccharides, and 
4) a phytoagglutinin. The results suggested 
that these or other biological substances might 
be selectively adsorbed to various mammalian 
cells. There is evidence that tumor antiserum 
and some viruses react with the surfaces of 
certain tumor cells. At least such substances 
will interfere with growth of such cells im vivo. 

The work here reported comprises one por- 
tion of an investigation concerned with the 
determination of cell surface differences which 
may exist between cells obtained from normal 
and malignant tissues of the rat. 

Phytoagglutinins have long been known to 
agglutinate various types of cells(2). More 
recently Boyd(3,4) has investigated numer- 
ous types of plant extracts tor their hemagglu- 
tinating ability, looking especially for those 
plant substances which were able to specific- 
ally agglutinate cells of the different human 
blood groups. In the present study 5 different 
phytoagglutinins were used by the authors in 
a comparison of their action on rat leukocytes, 
erythrocytes, and tumor cells. 

Materials and methods. The Flexner-Job- 
ling carcinoma was used as a source of tumor 
cells. The tumor was maintained in white stock 
rats by the periodical subcutaneous inocu- 
lation of 0.5 ml of a 5% suspension of tumor 
cells. 12 to 15 day old subcutaneous 
tumors were aseptically excised, homogenized 
in a solution described by Krebs(5), filtered 
through 20XX mesh nylon, washed, and 
made up to the desired suspension on the 
basis of volume of packed cells. 

White blood cells were obtained by the 
inoculation of 100 ml of Locke’s solution con- 
taining 0.1% glucose into stock rats, and 
harvesting the peritoneal exudate approxi- 
mately 12 hours later. The cells were spun 
down, washed, and resuspended to the desired 
concentration on the basis of volume of packed 
cells. Rat and chicken red blood cells were 
collected in citrate solution, washed, packed, 
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and also resuspended to the desired concen- 
tration in saline (0.85% NaCl). 

Four different phytoagglutinins were ob- 
tained from Dr. W. C. Boyd, of Boston, 
Massachusetts. These 4 lyophilized samples 
were reconstituted in saline solution so as to 
contain 10 mg per ml. A fifth phytoagglutinin 
was made from white navy beans after the 
method of Li and Osgood(6). The action of 
these phytoagglutinins against human red 
cells is as follows: 


Type of 
human 
Phytoagglu- erythrocyte 
tinin No. Souree agglutination 


1. Phaseolus limensis Macfadyen A 
var. ‘‘ Westside Lima ’’ 

2. Phaseolus vulgaris Linnaeus 
var. ‘‘ Golden Cluster Wax’? 

3. Phaseolus imensis Macfadyen A 
var. ‘‘ Finast Lima’? 


A,B,O 


4. Phaseolus vulgaris Linnaeus Ay BO 
var. ‘‘ Rustproof Golden 
Wax’? 

5. Phaseolus vulgaris Linnaeus ABO 


var. ‘‘White Navy Bean’’ 


Results. The agglutinating titers of the 
phytoagglutinins for the cells under considera- 
tion was determined using doubling serial dilu- 
tions of the stock solutions of the plant ex- 
tracts made in saline. To each dilution an 
equal volume of 1% cells was added. The 
agglutination in each case was read after 
standing at room temperature for 2 hours. 
Chicken red blood cells were also tested for 
their agglutinability with these phytoagelu- 
tinins. The results of these tests are given 
in Table I. 


From this table it is to be noted that phyto- 
agglutinin numbers 2, 4, and 5 actively ag- 
glutinate rat erythrocytes, while only no. 5 
agglutinates white blood cells, and no agelu- 
tination was observed with tumor cells. It 
was of further interest to determine whether 
or not the phytoagglutinins were removed 
from solution by the red cells that had been 
agglutinated, and also by the tumor cells 
which were not clumped by this material. 

To determine this, the supernatant fluids 
of the tubes representing the end points in 
the agglutination reactions were assayed for 
the presence of remaining agglutinin. The 
supernatant from each series tested was di- 
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TABLE I. Agglutination Titers Obtained with 


Phytoagglutinins. 

Phyto Chicken Tumor 
No. Rat RBC Rat WBC RBC cells 
il 0 0 rere 0 
2 1:40 0 1:640 0 
3 0 0 0 0 
4 1:160 0 1:640 0 
5 1:200 1:290 1:640 0 


*(0 =no agglutination. 


TABLE Ii. Tumor Growth Observed from Tumor 

Cells Treated with Unabsorbed Phytoagglutinins. 
Phyto 

No. 10 days 15 days 20 days 25 days 

1 4/10* 8/10 8/10 8/10 

2 9/10 10/10 10/10 10/10 

3 3/10 7/10 9/10 9/10 

4 10/10 10/10 10/10 10/10 

5 0/10 0/10 0/10 0/10 

Control 10/10 10/10 10/10 10/10 


* No. of tumor takes/No. of sites inoculated. 


TABLE III. Tumor Growth Observed from Tumor 
Cells Treated with Adsorbed Phytoagglutinin No. 5. 


Phyto No.5 l0days l5days 20days 25 days 
CRBC adsorbed D/LOE 6/10 16/10 16/10 
Rat RBC adsorbed 5/10 10/10 9/10 9/10 
Unadsorbed 1/10 AION TYAS = 1/30) 
Control 2/10 6/10 9/10 9/10 


* No. of tumor takes/No. of sites inoculated. 


vided into two portions, one to be titrated 
against rat erythrocytes and the other against 
chicken red blood cells. No agglutination of 
rat erythrocytes was obtained with the super- 
natant fluid following agglutination of rat 
erythrocytes by phytoagglutinins nos. 2, 4, 
or 5. However, these supernates did aggluti- 
nate chicken erythrocytes in a dilution of 
1:640. 

Using the supernates obtained from the 
first 2 dilutions in the tests with phytoagglu- 
tinins nos. 2, 4, and 5 on tumor cells, new 
agglutination tests with rat and chicken 
erythrocytes were also done. The rat eryth- 
rocytes were not agglutinated, indicating ad- 
sorption of phytoagglutinins 2, 4, and 5 by 
the rat carcinoma cells. Chicken erythrocytes 
were again agglutinated in a dilution of 1:640. 

The results indicate that while agglutination 
occurs with rat erythrocytes and not with 
tumor cells, there is still evidence for the 
adsorption of the red blood cell agglutinin 
by both’ the red blood cells and tumor cells. 
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On the other hand, the substance responsible 
for chicken red blood cell agglutination is not 
adsorbed by either rat erythrocytes or tumor 
cells. 


Since the tumor cells obtained from the rat 
adsorbed phytoagglutinins 2, 4, and 5, it was 
desirable to ascertain whether this adsorption 
had any effect on the viability of the tumor 
cells. A known suspension of tumor cells 
was mixed with an equal volume of the stock 
solution of phytoagglutinin and placed on a 
shaker at room temperature for 2 hours, sub- 
sequent to which rats were inoculated subcu- 
taneously with each mixture. Results as in- | 
dicated by tumor growth are given in Table 
Il. Phytoagglutinin no. 5 appears to have a 
marked inhibitory effect on tumor growth. 


Phytoagglutinin no. 5 was adsorbed with 
chicken and rat erythrocytes in order to de- 
termine the inhibitory action of the adsorbed 
phytoagglutinin against tumor growth. A 
known tumor cell suspension was mixed with 
rat red blood cell adsorbed, chicken red blood 
cell adsorbed, and unadsorbed no. 5 phyto- 
agglutinin, incubated at room temperature for 
2 hours, and inoculated subcutaneously into 
rats. Results are given in Table III. 


It appears that the rat red blood cell ag- 
glutinin is associated with the tumor inhibit- 
ing fraction, since after removal of the rat red 
blood cell agglutinin by adsorption, a greater 
incidence of tumor takes is noted. 


Since the in vitro protective action of no. 
5 agglutinin gave such significant results 
against tumor growth in rats, it was also of 
interest to determine the zm vivo effect. Im- 
mediately after the inoculation of subcutan- 
eous and intraperitoneal tumors, a defined 
amount of phytoagglutinin was injected intra- 
peritoneally every day for a period of 10 days. 
In another group of rats, the same type of 
treatment was begun 5 days after tumor inoc- 
ulation. In neither group did the treatment 
with phytoagglutinin im vivo have an inhibi- 
tory effect on tumor growth. 


Summary. A phytoagglutinin obtained 
from the white navy bean, when added to 
a suspension of Flexner-Jobling rat carcinoma 
cells, destroyed the ability of these cells to 
produce tumors when inoculated into rats. The 
phytoagglutinin had no apparent effect im vivo, 
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when administered daily to rats beginning at 
the time of the tumor inoculation. 
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Development of Antibodies in Children Convalescent from 


Whooping Cough.* (20517) 


JEANETTE L. WINTER. 


(Introduced by L. Emmett Holt, Jr.) 


From the Department of Pediatrics, New York University College of Medicine and the 
Willard. Parker Hospital, New York City. 


The nature of the immunity which develops 
as a result of infection with H. pertussis has 
never been clearly defined. Many investi- 
gators believe that resistance to this disease is 
determined by the level of circulating anti- 
bacterial agglutinins. Evidence that this type 
of antibody frequently fails to appear as a 
result of the disease is, however, present in 
the literature. Other antibody responses 
which have been studied are complement fixa- 
tion, opsonocytophagic reaction, and mouse 
protection. Recently Keogh and North(1) 
studied antihemagglutination and _ reported 
that in experimental murine pertussis the pro- 
tective power of serum, given to mice intra- 
peritoneally, was a function of the antihemag- 
glutinin content of the serum—a conclusion 
not supported by the work to be reported here. 

The present study is concerned with a com- 
parison of 3 types of serum antibody in pa- 
tients convalescent from pertussis, namely: 1) 
antibacterial agglutinin, 2) antihemagglutinin, 
and 3) mouse protective antibody (the ca- 
pacity of serum to protect mice against in- 
tranasal infection with H. pertussis). It was 
the purpose of this study to ascertain which of 
these antibodies appeared most consistently 
with clinical recovery; hence which was the 
most significant measure of acquired immunity. 

Methods and materials. Sera were obtained 


* This investigation was supported in part by a 
research grant from the National Institutes of Health, 
Public Health Service. 


on patients ill with whooping cough from 
whom H. pertussis was isolated on nasopharyn- 
geal culture.t The patients varied in age 
from 3 months to 9 years; their illnesses were 
characterized as moderately severe or severe. 
Blood was drawn immediately on admission 
and at 2- to 3-week intervals during con- 
valescence. The sera were stored in the dry 
ice chest; all the specimens collected on each 
individual patient were tested together. 


A. Antibacterial agglutinins. H. pertussis 
strain No. 18323 (obtained from Dr. Pearl 
Kendrick, Michigan Department of Health) 
and strain No. 484 (obtained from Dr. Anne 
Kimball, Minnesota Department of Health) 
were employed to prepare the standard anti- 
gen. The 24-hour growth from Bordet- 
Gengou Media was suspended in saline to a 
concentration of 20 billion organisms/ml, 
0.3% neutral formaldehyde was added, and 
the bacterial suspension stored in the refriger- 
ator. The antigen was used in a final con- 
centration of 5 billion organisms/ml and was 
added to serial 2-fold dilutions in saline of the 
unknown serum. The tubes were shaken, and 
after 1-hour incubation at 37°C, the test was 


+ These patients were studied at Willard Parker 
Hospital. We should like to express our thanks to 
the members of the house staff and nursing staff 
of the hospital for their cooperation in obtaining 
specimens for the study. In particular we are 
indebted to Dr. Zacharias Matthews, Dr. Doris 
Zenger and to Miss Wilma H. Penzes, R. N., 
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_ Stored in the refrigerator overnight. Readings 
were made after 24 hours. Known positive 
and negative sera and antigen in saline were 
included as controls. 


B. Antihemagglutinins. The method de- 
scribed by Keogh and North(1) was employed 
in the determination of antihemagglutinins, 
excepting that horse red blood cells were sub- 
stituted for the human cells used in the orig- 
inal method; horse cells were found to be a 
more sensitive indicator of the presence of 
hemagglutinin. It was necessary however 
first to absorb out any horse cell agglutinins 
normally present in serum before testing for 
the presence of antihemagglutinin. The non- 
specific lipoid hemagglutinin inhibitor present 
in many of the sera was extracted with acetone 
by the method of Chanock and Sabin(2). 
Supernatants of the 4-5-day growth in Cohen 
and Wheeler fluid media of H. pertussis strain 
No. 61 (obtained from Dr. E. V. Keogh, 
Department of Health, Commonwealth of 
Australia) served as the source of hemagglu- 
tinin in these tests. All dilutions were pre- 
pared in 0.02 molar phosphate buffer (pH 
7), and readings were made by observing the 
pattern of the settled cells after the test had 
remained at room temperature for 1 hour. 

C. The intranasal mouse protection test. 
The method of North, Keogh, Anderson, and 
Williams(3) was utilized in demonstrating 
mouse protective antibody. Swiss mice, Car- 
worth Farms c.f.w. strain, 3-4 weeks old were 
injected intraperitoneally with 0.2 ml of 
graded dilutions of serum 4 hours prior to 
infection with the challenge culture. Serum 
dilutions were prepared in saline and ten mice 
were used for each dilution of serum; 0.2 ml 
of undiluted serum was the maximum amount 
tested. 

Preparation of challenge: H. pertussis strain 
No. 18323 passed once through mouse brain 
and once through mouse lung was employed 
as the challenge strain. The LD/50 of the 
strain as determined by the intracerebral chal- 
lenge(4) was 250 organisms before lung pas- 
sage and 125 organisms after lung passage. 
Stock cultures of the reisolated strain were 
stored in the dry ice chest and a new vial was 
started for each test. The revived culture was 
grown on modified Bordet-Gengou media. The 
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24-hour growth from the 5th or 6th subculture 
on this media was used to prepare the chal- 
lenge suspension. The growth was harvested 
into 1% casamino acids (pH 7-7.2) and 
standardized with the Klett photo-electric 
colorimeter to equal 10 billion organisms/ml. 
Further dilutions as needed were made in the 
1% Casamino Acids. 


Infective doses of 5 million, 50 million and 
500 million organisms in 0.05 ml volume were 
used to determine the virulence of the culture. 
A dose of 50 million organisms in 0.05 ml 
volume (representing 2.5 to 5 LD/50 of the 
culture) was used as the standard infecting. 
dose for testing the passive protective power 
of the unknown serum. This challenge dose 
regularly killed 80% to 100% of the control 
mice. 

Intranasal inoculation was performed by 
the method of Burnet and Timmins(5). The 
mice were observed daily for 21 days; at the 
end of this period the PD/50 of the serum 
(the amount of serum needed to protect 50% 
of the mice against the 50 M challenge) and 
the LD/50 of the culture were calculated by 
the method of Reed and Muench(6). The 
acute and convalescent serum of each patient 
were assayed simultaneously. A standard 
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H.1.S. given 
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0.07 mI- 
0.08mi- 


0.09mi- 
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ewes Ba 4a Be Oe an 0.20 RO a Wemle 
WEEK OF DISEASE 
H.1.S.— Hyperimmune Serum. 
FIG. 1, Development of mouse protective antibody 
in patients convalescing from pertussis. One pa- 
tient [broken line (------ )] had received 2 doses 
of vaccine prior to developing whooping cough, 
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TABLE I. Comparison of Mouse Protection with Other Serological Methods. 
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whooping cough. 


Sera of children with 


Patient 


bo 


w 


10. 


fet 


serum of known protective potency was in- 
cluded in all the tests. 

A. The development of antibac- 
terial agglutinins and antihemagglutinins dur- 
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8 40+ 320 .033 
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8 er 0 320 .025 
Patients studied only during conyalescence 
as RAs 2 yr 5 40 < 20 011 
LOS << 20) <20) .032 
DenGees 4mo 9 40+ < 20 .04 
13. 3<720 < 20 ad 
e. S.S. oye Dae <a) <= 20 .02 
di oe 20) <i 20 04 
ISLES 
13 80+ < 20 .029 
15 < 20 <20 .02 
Controls 
1. Normalinfant serum < 20 <i 2) Se 
2. Human gamma glob- < 20 < 20 22 
ulin 
38. Normalrabbit serum < 20 <0) >2 
4. Rabbit anti H. influ- 80+$< 20 See 
enza serum. 
5. Rabbit H. pertussis 10,240 < 20 .009 
immune serum 
6. Human hyperimmune 320 40 .057 
serum -045 || 


+ PD/50 -= Amount of serum which protected 50% of the mice against intranasal challenge with 50 


. organisms of H. pertussis #18323. 


¢ H.I.S.= Human hyperimmune serum administered. 
§ Cross agglutination due to presence of agglutinins for B. bronchisepticus. 
|| Maximum and minimum PD/50 values obtained for this serum in 10 tests. 
| Received two doses of pertussis vaccine prior to developing whooping cough. 


Results. 


ing convalescence. In a group of 50 patients 
studied 31 or 62% developed antibacterial ag- 
glutinins, and only 7 or 14% developed meas- 


urable antihemagglutinins. 


Some of the pa- 
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tients who failed to show the development of 
antibacterial agglutinins when tested with 
the standard antigen were retested with anti- 
gen prepared from their own strain; again the 
results were negative. The demonstration of 
the antihemagglutinins was complicated by the 
presence in many sera of the non-specific 
lipoid inhibitor reported by Fisher and Keogh 
(7). With acetone extraction of the serum 
(method of Chanock and Sabin(2)) and con- 
trolled conditions of testing (Ludewig and 
Chanutin(8)) the interference of this inhibitor 
was avoided. It was observed that whereas 
many of the sera obtained during the acute 
phase contained non-specific inhibitor in high 
titer, it was usually absent from sera obtained 
during the convalescent stage of the disease. 


B. Development of mouse protective anti- 
body during convalescence. In twenty of the 
aforementioned patients mouse protective anti- 
body titers were determined concomitantly 
with the antibacterial agglutinins and the anti- 
hemagglutinins. Fig. 1 and Table I show the 
results obtained in these patients and in 3 
additional patients tested only during con- 
valescence. Sera tested in the acute phase of 
the disease contained only minimal amounts 
of antibody. During convalescence mouse pro- 
tective antibody titers increased in every case, 
the increases as a rule being from 4- to 10- 
fold. Some children reached their maximum 
concentration of protective antibody during 
the fifth or sixth week and subsequently 
showed some decline in titer, while others con- 
tinued to show increases during the seventh to 
eighth week and later. In general the de- 
velopment of the antibody titers was parallel 
to the course of recovery. Of the three cases 
tested only during convalescence, two showed 
decreasing titers. The third child showed a 
decrease in titer associated with an increase in 
severity of her disease; human hyperimmune 
sera was given and there was a temporary im- 
provement followed by another relapse; the 
patient finally recovered at a time when the 
mouse protective antibody titer had risen to its 
initial high level. The poorest response ob- 
served was in a 2-year-old child with a severe 
attack complicated by a protracted broncho- 
pneumonia; in this child the maximum in- 
crease was only 2-fold and occurred in the 
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TABLE IT. Comparison of Development of Mouse 
Protective Antibody. with Other Serological Meth- 
ods. Children with whooping cough. 


Patients showing 
rise in antibody 


Total No. titer 
of patients No. of % of 

Antibody measured studied patients patients 
Antibacterial agglu- 50 31 62 

tinins 
Antihaemagglutinins 50 7 14 
Mouse protective 20 20 100 

antibody 


fifth week of illness. 

Table I compared the antibacterial agglu- 
tinins, antihemagglutinins, and the mouse pro- 
tective antibody titers observed in each pa- 
tient. Increases in mouse protective antibody 
occurred in patients who failed to develop 
measurable antibacterial agglutinins (12 pa- 
tients), antihemagglutinins (14 patients), or 
both of these antibodies (8 patients). In 
cases where both the antibacterial agglutinin 
and mouse protective antibody developed the 
rise and fall of these 2 titers occurred simul- 
taneously; no correlation could be made how- 
ever between the magnitude.of the respective 
titers. Antihemagglutinin was the most ir- 
regular in development. 

The total number and the proportion of 
patients who developed each of the 3 anti- 
bodies studied is shown in Table II. 

Discussion. The uniform development of 
mouse protective antibody during convalesc- 
ence as demonstrated by the intranasal method 
of challenge suggests that this antibody may 
play an important role in immunity to the 
disease. The ability of patients to develop 
increases in mouse protection in the absence 
of antibacterial agglutinins and antihemag- 
glutinins further supports this hypothesis. The 
lack of quantitative correlation between the 
mouse protective antibody and the antibac- 
terial agglutinin titers found in the present 
study has been reported also by North e¢ al. 
(3) in adult contacts and immunized children, 
by Mishulow e¢ a/.(9), and others. Similarly 
Hink and Johnson(10) working with mice 
given human hyperimmune plasma subse- 
quently challenged by the intracerebral route 
found that the gammayz globulin contained ap- 
proximately 90% of the mouse protective 
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antibody and less than half of the Phase I 
agglutinins present in whole plasma. 

It has not been possible to establish the re- 
lationship between antihemagglutinin and 
mouse protective antibody postulated by 
Keogh and North(1). The fact that only a 
small number of the patients developed meas- 
urable antihemagglutinins was unexpected and 
contrasted sharply to the ease with which this 
antibody could be produced in high titer as a 
result of vaccination of both human beings and 
laboratory animals with hemagglutinin con- 
taining fractions of H. pertussis. Although 
hemagglutinin is antigenic, additional evidence 
that the mouse protective power of serum is 
not determined by the antihemagglutinins has 
now been reported by Masry(11). 

From limited data it would appear that a 
marked decline in circulating mouse protective 
antibody may occur within two or three 
months of the disease although some indi- 
viduals have shown measurable titers when 
tested as long as 4 years after their illness. 
While circulating mouse protective antibody 
frequently disappears in the course of time, 
the immunity to whooping cough is known to 
persist. It is possible by means of a recall 
(booster) reaction to demonstrate a sharp in- 
crease in protective antibody in individuals 
with a known history of disease and in most 
adults(12). A corresponding increase in anti- 
bacterial agglutinins and antihemagglutinins 
may or may not occur. Whether this con- 
ditioned antibody response can explain the 
continued state of immunity is still undeter- 
mined. Further work along these lines is 
being carried out. 

The mouse protection test is being applied 
to a study of children immunized against 
whooping cough as an important tool in the 
evaluation of different methods of vaccination 
against this disease. 

Summary. 1.Ina study of the development 
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of antibacterial agglutinin, antihemagglutinin, 
and mouse protective antibody in children con- 
valescing from whooping cough, mouse pro- 
tective antibody was the only one to occur 
regularly as a result of the disease; it appears 
to be the most significant measure of immunity 
studied. 2. Mouse protective antibody titers 
increased during convalescence in all instances, 
the increases generally being from 4- to 10- 
fold. 3. The intranasal mouse protection test 
has been found to give reproducible results 
and is being applied to the study of children 
immunized against whooping cough. 


We gratefully acknowledge the very valuable help 
and the encouragement given throughout this study 
by Dr. Robert Ward and Dr. L. Emmett Holt, Jr. 
Thanks are also due Mr. Clarence Johnson for his 
technical assistance. 
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Estimation of Total Body Chloride in Young Infants by 


Radiobromide Dilution.* 


(20518) 


GivBert B. Forses,t ALLEN REID, JUNE BONDURANT, AND JOHN ETHERIDGE. 


From the Departments of Pediatrics and Biophysics, Southwestern Medical School of the 
University of Texas, Dallas. 


A number of recent reports have indicated 
the usefulness of bromine as a “tracer” for 
chlorine in isotopic dilution experiments, for 
the radio-isotopes of chlorine possess inherent 
disadvantages. Earlier studies indicated that 
the bromide ion is distributed in body fluids 
and tissues of animals in proportion to chloride 
with the exception of brain and cerebrospinal 
fluid(1,2). More recently Gamble and asso- 
ciates have found that the volumes of distri- 
bution of Cl®* and Br®? are quite similar in 
man(3). 

Values for total body chloride in adults 
have been established at an average of 31.6 
meq/kg body weight for males and 28.6 
meq/kg for females(4). This study of total 
body chloride in newborn infants was under- 
taken for the purpose of establishing normal 
values in this age group and for comparison 
with data obtained by others by direct carcass 
analysis. 

Methods. Radiobromine*”, obtained from 
Oak Ridge National Laboratories, was ad- 
ministered intravenously in doses approximat- 
ing 2 wc/kg body weight according to the 
method of Barnett and Fellers(5). An equi- 
libration period or 24 hours was employed, 
during which the subjects consumed their 
usual milk formulas and fluids and the urine 
was coilected quantitatively. The subjects 
were normal infants 2 to 16 days of age. They 
were weighed at the beginning and end of the 
equilibration period and the average value 
used for purposes of calculation. Total body 
chloride was computed as follows: 


Br” administered — Br® excréted 


Total body Cl = 
Serum Br®/serum Cl 


Serum chloride was determined by a micro- 


* Supported by a grant from the Playtex Park 
Research Institute. 

+ Present address: University of Rochester School 
of Medicine and Dentistry. 


TABLE I. Total Body Chloride in a Series of 


Infants. 
Age, Height, Total Cl, 

GANS ee SC Xan Wb) em meq meq/kg 

2 3 2095 44 133.2 63.6 

10 8 2140 44.5 126.0 58.9 

16 g 2255 42 Talal 50.2 

6 $ 2325 46 uate 50.3 

2 Q 2395 44 126.5 52.8 

5 3 2480 49 119.2 48.0 

12 Q 2545 50 104.9 41.2 

6 Q 3070 50 134.4 43.8 

Avg = 51.1 


modification of the method of Van Slyke and 
Hiller(6). Radioactivity measurements were 
made with an end-window Geiger counter with 
appropriate corrections for self-absorption, 
resolving time and radioactive decay. 

Results. Results of determination of total 
body chloride in 8 normal infants are tabu- 
lated in Table I, with the subjects arranged 
according to weight. The average value of 
51.1 meq/kg body weight is considerably 
greater than that reported for adults using 
comparable methods. Despite the rather wide 
range of the values, in none of our subjects 
did the value approach those noted for adult 
subjects(4). 

Comparison with carcass analysis. Whereas 
no information is available on total body 
chloride as determined by direct whole body 
chemical analysis in adults, a number of new- 
born infants have been studied by earlier 
workers. These observations can be used to 
test the validity of the bromide dilution 
method as a measure of total body chloride. 
A total of 11 carcass analyses have been re- 
ported for subjects in the same general weight 
range as those reported in this paper, the 
average value for total body chloride being 
49.2 meq/kg with a range of 40.9 to 54.4 
meq/kg(7-11). This value and range of 
values are strikingly similar to those obtained 
by bromide dilution, and offer considerable 
support to the hypothesis that the method is 
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valid for young infants. 

On theoretical grounds, one would expect 
the isotopic dilution values to be somewhat 
less than those obtained by carcass analysis 
since bromide*®? equilibration in brain and 
cerebrospinal fluid is not complete at the end 
of 24 hours(12), yet precise data with which 
to evaluate the error involved are lacking. 
On the other hand, total body chloride pro- 
gressively decreases as body weight increases 
during growth(13) and since the average 
weight of our subjects is approximately 480 
g less than that of the subjects quoted above 
the 2 groups are not strictly comparable. Ac- 
cording to equations developed by one of us 
(G.B.F.) from published data on carcass 
analysis it can be predicted that the average 
total body chloride for our group of subjects 
should have been 53.2 meq/kg, or 2.1 meq/kg 
more than the values observed. 


Conclusion. 1.) Values for total body 
chloride, as determined by radiobromine®* 
dilution, averaged 51.1 meq/kg body weight 
for a series of normal newly born infants. 
Total body chloride, on a per kilogram basis 
is far higher in young infants than adults. 
2.) Values obtained by this method show excel- 
lent agreement with those obtained by earlier 
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workers employing direct chemical analysis. 
Therefore, the bromide dilution method 
would appear to be valid for the measurement 
of total body chloride in young infants. 
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Effects of Cortisone on Thiamine-Deficient Young Rats.* (20519) 
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Large doses of cortisone may increase re- 
quirements for vit. B,. and other factors in 
the young rat(1-3) and baby pig(4). Pre- 
existent deficiencies of vit. B;. in these species 
were aggravated by cortisone injections, re- 
sulting in reduced body growth and survival 
rate. These detrimental actions of cortisone 


* Published with the approval of the Director of 
the Michigan Agric. Exp. Station as Journal Article 
No. 1541. 

t These studies have been aided in part by a re- 
search grant from the Division of Research Grants 
and Fellowships of the National Institutes of Health, 
U. S. Public Health Service. 


were largely counteracted in young rats by 
increasing vit. By. intake at least 10 times 
above normal requirements (to 200 pg per 
kilo of diet). Addition of small amounts of 
aureomycin to the diet further enhanced the 
beneficial effects of vit. By2, and both supple- 
ments were accompanied by increases in food 
intake and greater efficiency in converting 
food into body weight gains. It was the 
purpose of the present study to determine the 
effects of large doses of cortisone on require- 
ments for thiamine by the young rat. 


Methods and results. Exp. 1, Fifty-three 
young male Carworth rats were divided into 
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TABLE I. Effects of Cortisone and/or Thiamine on Body Weight, Food Intake and Efficiency 
of Food Utilization. 


See 
SaaS. eee 


Goan Avg food intake, g 
and No. A ; i 
— _ Avg body wt, g —— Per g gain 
of rats Treatment Initial* Final Total hotind 
. 1st exp.——18 days duration 

1 (18) 1 mg thiamine 101.7 +2.3¢ 151.5 + 4.1 153 3.0 

2 (10) No thiamine, no cortisone 105.6+42.07 808+ 3.1 65 ay 

3 (10) Cortisone, no thiamine 105.2 + 2.3 64.8 + 2.9 62 —_ 

4 (10) i -++ 1 mg thiamine 102 42.7 110.8+5.1 135 15.3 

5 (10) +10mg ” 101.8 + 2.8 187 6+ 4.9 170 4.7 

2nd exp.—tl2 days duration 

1( 9) 1 mg thiamine (Giesy GE WS AB Ss Bie, 82 2.73 
2( 9) No thiamine, no cortisone 748418 62.0424 30 axe 
3 (10) 1 mg cortisone, no thiamine 73.0 + 1.2 — -—— — 

4 (10) 1 mg cortisone + 20 mg thiamine, UBS) set Vf 63.0 + 1.4 30 

pair-fed to group 3 

5 (10) lmg cortisone +1 mg thiamine ie Ope eT (NE Se AG) 61 —_ 

6 ( 9) 1 A + 75.5 + 1.6 99. 0=— 6:3 96 4.1 
ae 9)) 1 ef ie +10” * 73.1 + 2.08 94.0 + 3.6 93 4.4 
Sao) 1 zi +20” 713 1.5 97.7 + 2.1 105 4.0 

* Represents avg body wt after thiamine-depletion period. 


+ Stand, error of mean, 


5 uniform groups by weight and were fed the 
following semi-synthetic ration from which 
thiamine was omitted: alcohol washed casein, 
25 g;+ glucose (Cerelose), 62 g;§ corn oil 
(Mazola), 10 g; salt mixture, 4 g.ll To each 
kilo of the above the following vitamins were 
added: riboflavin, 5.0 mg; pyridoxine, 2.0 
mg; Ca pantothenate, 28.0 mg; niacin, 10.0 
mg; choline, 1 g; 2-Me-1, 4 Naphthoqui- 
none, 0.4 mg; vit. A, 100,000 I.U.; vit. D, 
125,000 I.U.1 After a depletion period of 
10 days on this diet, each of the 5 groups was 
treated as shown in the upper part of Table I 
for a period of 18 days. Thiamine was in- 
corporated into the ration and cortisone ace- 
tate was injected subcutaneously in 1 mg 
doses once daily. Measurements of individual 
body weight and average food consumption 
were made every 2 days. All rats were housed 
in metal cages with raised screen bottoms at 
a temperature of 78 + 1.0°F. 

The pertinent data are summarized in Table 


¢ “Vitamin Test” casein, Nutritional Biochemical 
Corp., Cleveland, O. 

§.Corn Products Refining Co., Chicago, II. 

|| Salt mixture No. 2, Nutritional Biochemical 
Corp., Cleveland, O. 

§ The B vitamins and cortisone acetate (Cortone) 
were supplied through the kindness of Dr. L. 
Michaud of Merck and Co., Rahway, N. J. 


I, and the character of body growth and food 
intake are shown in Fig. 1. It can be seen 
that growth and appetite were reduced in all 
rats by the end of the 10-day depletion period. 
After this period, the rats fed 1 mg of thiamine 
per kilo of diet (Group 1) increased in 
average body weight from 101.7 + 2.3 g 
to 151.5 + 4.1 g and ate more food. The 
thiamine-deficient rats (Group 2) lost an 
average of about 25 g in body weight and 
ate less than half the food consumed by the 
rats in Group 1. An even greater loss in body 
weight occurred in the thiamine-deficient rats 
given cortisone (Group 3), although appetite 
was not depressed below that of the rats in 
Group 2. These rats were in the poorest state 
of any in the experiment and it is believed 
they would have died if cortisone treatment 
had been continued. In addition to extreme 
emaciation, they exhibited typical symptoms 
of thiamine deficiency such as hunched pos- 
ture, paralysis and spinning when picked up 
by the tail. Eight of the 10 rats in this 
group showed pronounced priapism, a phe- 
nomenon not seen in any of the other rats. 
The addition of 1 mg of thiamine per kilo 
of diet enabled cortisone-treated rats (Group 
4) to overcome partially the depression of 
body growth and eliminated other gross symp- 
toms of thiamine deficiency. When 10 mg 
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FIG. 1. Graph showing avg body wt and food intake of rats during 10-day, thiamine-depletion 
period and after treatment with cortisone and/or thiamine. 


of thiamine per kilo were fed to cortisone- 
injected rats (Group 5), there was an almost 
complete counteraction of growth inhibition. 

Exp. 2. A total of 75 young male Carworth 
rats were divided into 8 uniform groups by 
weight, and fed the thiamine-free ration for 
18 days. At the end of this period each group 
was treated with thiamine and/or cortisone 
for 12 days as indicated on the bottom-half 
of Table I. The pertinent results are also 
given in this table. 

The initial body weights of all rats averaged 
46.7 + 0.8 g, and at the end of the 18-day 
depletion period, 73.8 + 1.6 g. The group 
which subsequently received 1 mg of thia- 
mine per kilo of diet (Group 1) gained ap- 
proximately 30 g each in body weight, while 
the animals which continued on the deficient 
diet (Group 2) lost about 12 g each in body 
weight. When cortisone was given to the 
thiamine-deficient rats (Group 3), a severe 
cannibalism developed which resulted in the 
death of 8 out of 9 rats by the end of 12 
days. Priapism also appeared in most of 
these rats. The rats in Group 4 received 
cortisone and 20 mg of thiamine per kilo of 
diet, but were allowed only as much food as 
consumed daily by the rats in Group 3. 
Although these rats were reduced in body 
weight, they all survived and showed no gross 
symptoms of thiamine deficiency. When 1 


mg of thiamine was fed to cortisone-treated 
rats (Group 5), there was no change in body 
weight but gross symptoms of thiamine de- 
ficiency were less marked than in Group 2. 
Groups 6, 7 and 8, received 5, 10 and 20 mg 
of thiamine per kilo of diet, respectively, and 
all levels were equally effective in counteract- 
ing the cortisone-induced inhibition of body 
growth and appetite. In this as well as in 
the first experiment, cortisone reduced the 
efficiency of transforming food into body 
weight gains. 

Discussion. These data are believed to 
demonstrate that injections of large doses of 
cortisone can aggravate a pre-existent de- 
ficiency of thiamine in young rats, as shown 
by reduced body growth and survival rate 
and earlier manifestation of other extreme de- 
ficiency symptoms. The priapism, seen only 
in the cortisone-treated, thiamine-deficient 
rats, had previously been observed in young 
rats given huge doses of cortisone(5). The 
“toxic” effects of cortisone were more marked 
in rats of the 2nd than in those of the first 
experiment, presumably because they were 
younger and were initially made more defi- 
cient in thiamine prior to cortisone adminis- 
tration. Since 1 mg of thiamine per kilo of 
diet represents normal requirements for growth 
in young rats(6), the present data suggest 
that. at least a 5-fold increase in thiamine is 
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necessary to counteract growth-inhibition in- 
duced by injections of 1 mg of cortisone daily. 
These data also suggest that large amounts of 
thiamine have beneficial effects on cortisone- 
treated rats, apart from any effect on appetite. 
Rats given cortisone and thiamine, but limited 
in food intake to that of cortisone-injected, 
thiamine-deficient rats, at least survived and 
failed to show typical deficiency symptoms. 
Data reported by Schultz e¢ al.(7) suggest 
that large doses of cortisone may also aggra- 
vate a pre-existent deficiency of pantothenic 
acid in rats. 

Summary. (1) A total of 128 young male 
albino rats were used in 2 experiments to de- 
termine the effects of large doses of cortisone 
on thiamine requirements. They were fed a 
semi-synthetic ration from which thiamine 
was omitted for preliminary periods of either 
10 or 18 days, followed by injections of 1 mg 
of cortisone daily with or without several 
levels of thiamine for another 18 or 12 days. 
(2) Pre-existent deficiency symptoms were 
aggravated by cortisone, resulting in decreased 
body growth and survival rate, priapism, 
cannibalism and loss of muscular coordina- 
tion. The rats which were initially deficient 
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in thiamine for the longer period, showed the 
most severe reactions to cortisone administra- 
tion. Cortisone decreased the efficiency of 
converting food into body weight gains in 
all cases. (3) When 1 mg of thiamine per 
kilo of ration was fed, representing normal 
requirements for growing rats, there was little 
or no increase in body weight although most 
deficiency symptoms disappeared. When 5, 
10 or 20 mg of thiamine per kilo of ration 
were fed, each level was equally effective in 
counteracting growth inhibition by cortisone. 
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Calorigenic and Antigoitrogenic Actions of L-Triiodothyronine and 


L-Thyroxine in Thyroidectomized and Intact Rats.* 


(20520) 


ARTHUR E. HEMING AND Dorsey E. HoLtTKAmp. 
From the Research and Development Division, Smith, Kline and French Laboratories, Philadelphia. 


3:5:3’-L-triiodothyronine has been reported 
to be 3 to 4 times as effective as L-thyroxine in 
preventing goitre development in thiouracil- 
treated rats(1). Also, in the treatment of 2 
myxedematous patients, it appeared to be ef- 
tective at doses lower than those required with 
thyroxine administration(2). On the contrary, 
Gemmill(3), using a small number of intact 
rats, has recently reported that the two agents 
produce quite similar calorigenic responses. 
This latter apparent discrepancy might possi- 
bly be the result of variability in the individual 
animal or strain, differences in experimental 


* Presented in part at the Federation Meetings, 
Chicago, April 1953. 


approach or in the type of animal preparation 
(intact or thyroidectomized) used. To fur- 
ther an understanding of these dissimilarities 
of response, a comparison has been made in 
intact and thyroidectomized rats with refer- 
ence to calorigenic and antigoitrogenic po- 
tencies of these two agents. 


Experimental. Male rats (Albino Farms), 
weighing between 125 and 175 g at the begin- 
ning of the experiment, were used. Purina 
Dog Chow Checkers and tap water were given 
ad libitum unless otherwise indicated. Both 
the triiodothyronine. (3:5:3’-L-triiodothyro- 
nine) and thyroxine (L-thyroxine sodium pen- 
tahydrate) were given by subcutaneous injec- 
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tion in a vehicle of 0.9% saline adjusted to pH 
8.5. The concentration was such that each 
rat. received 1 ml solution/kg/injection. 

The rate of oxygen consumption of the indi- 
vidual rats was determined following a 24-hour 
fast, by measuring the oxygen consumed by 
each rat during three consecutive 15-minute 
periods. The expired carbon dioxide was col- 
lected over soda lime. Mean oxygen consump- 
tion of the three 15-minute periods was calcu- 
lated, corrected to standard temperature and 
pressure, and converted to 1/sqm/hr utilizing 
the Hill and Hill(4) formula of wt *% x 10. 

Thyroidectomies were performed surgically 
using ether anesthesia. Following surgery, 
the thyroidectomized rats were maintained on 
1% calcium gluconate as the drinking fluid 
continuously, including the 24-hour fasting 
periods which preceded the oxygen consump- 
tion measurements. At least 30 days inter- 
vened between thyroidectomy and the first 
testing period. To assure completeness of 
extirpation, only those rats with an oxygen 
consumption of less than 5.5 1/sqm/hr were 
used. The pre-treatment mean oxygen con- 
sumption of the thyroidectomized rats was 
4.7 1/sqm/hr (range 4.1 to 5.4 1/sqm/hr). 

In the antigoitrogenic test, there were 8 
groups of rats. One of these 8 groups served 
as a normal control and received tap water as 
the drinking fluid, while the other 7 groups re- 
ceived 0.1% thiouracil. Three of these 7 
groups received daily injections of 1.25, 2.5, 
and 5.0 y/kg/day of L-triiodothyronine, re- 
spectively; another 3 groups received 6, 12, 
and 24 y/kg/day of L-thyroxine sodium pen- 
tahydrate, respectively; and the one remain- 
ing, which served as thiouracil-treated control, 
received injections of only the alkaline saline 
vehicle. Following 10 days of such treatment, 
the rats were sacrificed, and the thyroid glands 
were removed and weighed. 

The calorigenic test in thyroidectomized rats 
consisted of measuring the response to these 
two compounds: 1) following chronic daily 
administration, and 2) after a single injection. 
For the former, 6 groups of 5 or 6 rats each 
were observed concurrently. One group was 
composed of intact control rats, and the other 
5 groups consisted of thyroidectomized rats. 
One of these 5 groups remained untreated and 
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served as the thyroidectomized control group. 
Following initial control observations, 4 of the 
5 thyroidectomized groups were injected daily 
with 6, 12, 24, and 60 y/kg/day of L-thyroxine 
sodium pentahydrate, respectively, for a 17- 
day period. This was followed, first, by a 17- 
day recovery period during which no drug was 
administered, and then a 17-day period of 
L-triiodothyronine administration at doses of 
1.25, 2.5, 5.0 and 12.5 y/kg/day respectively. 
The molar ratio between the respective doses 
of L-triiodothyronine and L-thyroxine sodium 
pentahydrate was maintained at 1:3.5 
throughout all of these experiments. This 
ratio was chosen on the basis of the suggested 
activity ratio reported by Gross and Pitt- 
Rivers(1). 

In studying the response to a single injec- 
tion, 3 groups of 5 or 6 thyroidectomized rats 
per group were injected simultaneously at zero 
time with 1500 y/kg of L-thyroxine sodium 
pentahydrate. Each group was observed at 
two different intervals during the ensuing 100- 
hr period so that the response was observed 
at about 4, 8, 24, 52, 75 and 98 hours after 
the time of administration of the drug. Nine 
days after the thyroxine administration, the 
rats were given a single injection of 312 y/kg 
of L-triiodothyronine and tested at intervals 
similar to those following the thyroxine ad- 
ministration. The doses of both of these 
agents were 25 times larger than the highest 
doses used in the previously described study 
involving chronic daily administrations. 

For the study in intact, non-thyroidecto- 
mized rats, a somewhat different procedure was 
employed. Here, the rats were injected for 
3 days and the rate of oxygen consumption 
was determined on the fourth day. In this 
case, 4 groups of 6 rats each were observed 
concurrently. One was treated with only the 
alkaline saline vehicle, one with 0.1 mg/kg/ 
day of L-thyroxine sodium pentahydrate, one 
with 0.073 mg/kg/day of L-triiodothyronine 
(molar ratio of triiodothyronine: thyroxine = 
1:1), and one with 0.021 mg/kg/day of L- 
triiodothyronine (molar ratio of triiodothyro- 
nine: thyroxine = 1:3.5). 

Results. ‘The results of the antigoitrogenic 
test are shown graphically in Fig. 1. As 
judged by the relative thyroid weights, ex- 
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FIG. 1. Thyroid gland weights (mean + 8.D.) of 
thiouracil-treated rats given subcut. injections of 
3 dose levels of either sodium-L-thyroxine penta- 
hydrate or L-triiodothyronine. The mean (solid 
line) and stand. dev. (broken line) of the thyroid 
gland weights of both the untreated control (U.C.) 
and thiouracil-treated control (T.-T.C.) rats is 
given for reference purposes. 
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pressed as mg/100 g body weight, both the 
1.25 y of L-triiodothyronine and the 6 y of 
L-thyroxine sodium pentahydrate failed to 
produce a significant change in weight of the 
thiouracil-induced goitre. On the contrary, 
the rats treated with the 5 y dose of triiodo- 
thyronine, or the 24 y dose of thyroxine sodium 
pentahydrate, had thyroid glands equivalent in 
weight to those of normal, untreated control 
rats. The goitrogenic effect of the thiouracil 
was, therefore, completely inhibited by these 
doses. 

In Fig. 2 is shown the comparative mean 
change in oxygen consumption induced by the 
various respective doses of L-thyroxine sodium 
pentahydrate and L-triiodothyronine, when 
given chronically by daily injection. The 
values as plotted represent the mean change 
in oxygen consumption of the treated rats, 
using the mean oxygen consumption of thy- 
roidectomized control rats as the baseline. The 
mean difference in oxygen consumption be- 
tween the intact control rats and thyroidecto- 
mized control rats was 1.15 1/sqm/hr. Neither 
6 y of thyroxine sodium pentahydrate nor 1.25 
y of triiodothyronine elevated the oxygen con- 
sumption of the treated thyroidectomized rats 
to the level of the intact controls. 

The rats with 2.5 y of triiodothyronine 
reached the intact control level after 14 days 
of treatment, but those treated with 12 y of 
thyroxine sodium pentahydrate attained this 
same level only by the seventeenth day. In 
the next higher dosage level, it was again evi- 
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dent that the animals treated with 5 y of tri- 
iodothyronine reached the oxygen consumption 
level of the intact control rats earlier (10 
days) than the ones treated with 24 y of thy- 
roxine sodium pentahydrate (14 days). The 
highest doses of both agents (12.5 y of tri- 
iodothyronine and 60 y of L-thyroxine sodium 
pentahydrate) quickly increased the oxygen 
consumption into the hyperthyroid range. 
Furthermore, with this 1:3.5 dosage ratio of 
triiodothyronine to thyroxine, the triiodothy- 
ronine produced a definitely greater response 
(P = <0.05 by the “t” test(5) for the 10th, 
14th, and 17th days) than the thyroxine. 
These data indicate, therefore, that within the 
hypothyroid and euthyroid ranges, the molar 
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FIG. 2. Mean change in oxygen consumption in- 

duced by 4 dose levels of either sodium-L-thyroxine 

pentahydrate or L-triiodothyronine, when admin- 

istered by daily inj. The mean oxygen consump- 

tion of each thyroidectomized control (T.C.) and 

intact control (I.C.) rats is given for reference 
purposes. 
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FIG. 3. Mean change in oxygen consumption in- 

duced by either sodium-L-thyroxine pentahydrate 

or L-triiodothyronine when administered by a 
single inj. at zero time. 


potency ratio of L-triiodothyronine to L-thy- 
roxine is close to 3.5:1, but that for the hyper- 
thyroid range the ratio may be greater. 

The calorigenic effect produced by a single 
injection of either agent is shown in Fig. 3. 
The response to 1500 y/kg of L-thyroxine 
sodium pentahydrate and to 312 y/kg of L- 
‘triiodothyronine was of a similar magnitude. 
The thyroxine gave a greater response 52-56 
hours after the injection (P = <0.05 by the 
“t”? test), but this relationship was reversed 
after about 75 hours. 

Table I summarizes the results obtained 
when these two agents were injected into in- 
tact rats. The rats which received the tri- 
iodothyronine in a 1:1 molar dosage ratio of 
thyroxine sodium pentahydrate to triiodothy- 
ronine (Group 3) showed a mean oxygen con- 
sumption of 9.1 1/sqm/hr. This is not much 
different from the 8.4 1/sqm/hr (P = <0.3; 
>0.2) of the thyroxine-treated animals 
(Group 2). Furthermore, the mean oxygen 
consumption (8.0 1/sqm/hr) of rats treated 
with triiodothyronine at the 3.5:1 molar ratio 
of thyroxine sodium pentahydrate to triiodo- 
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thyronine (Group 4), was only slightly less 
than that of the thyroxine-treated rats. 
Discussion. The antigoitrogenic test indi- 
cates that, on a molar basis, triiodothyronine 
is 314 times as potent as thyroxine. These re- 
sults are in agreement with the original publi- 
cation of Gross and Pitt-Rivers(1). Observa- 
tions on the effect of these agents on oxygen 
consumption indicate that the respective cal- 
origenic responses induced by these agents are 
again 3.5:1 when they are not above the 
euthyroid range, and therefore are in agree- 
ment with the results of the antigoitrogenic 
test. However, when the oxygen consumption 
rises to the hyperthyroid range, the activity 
ratio is greater than 3.5:1. Intact rats ap- 
parently react differently (quantitatively) to 
triiodothyronine than to thyroxine for the 1:1 
molar dosage ratio of thyroxine to triiodothy- 
ronine gave results not too far different from 
the 3.5:1 ratio. The results obtained with the 
1:1 dosage ratio confirm in part, the work 
reported by Gemmill(3) in which he stated 
that there was little difference in the response 
induced by the two agents in intact rats. How- 
ever, since in the intact animal, neither dose 
of triiodothyronine, gave results too dissimilar 
from those produced by thyroxine, one must 
consider possible conversion of triiodothyron- 
ine to a less active derivative by the thyroid 
gland. In such a case measurements in the in- 
tact animal would not be a true indication of 
the inherent calorigenic potency of triiodothy- 
ronine itself. This latter possibility is in agree- 
ment with the suggestion of Roche(6) that 
triiodothyronine and thyroxine may both be 
synthesized by the thyroid gland. It is also in 


TABLE I. Effect of L-Thyroxine Sodium Pentahydrate and 3:5:3’-L-Triiodothyronine on 
Oxygen Consumption of Intact Rats. 


/ Oxygen 
Group Molar dosage No. of consumptiont , 
No. Treatment ratio* rats (1/m?/hr) 
1 Control 6 6.5 + 0.4 
2 L-thyroxine sodium pentahydrate ° 6 8.4 0.9 
(0.1 mg/kg/day) 
3 3:5:3’-L-triiodothyronine ileal 6 91+ 1.0 
(0.073 mg/kg/day) 1s 
4 3:5:3’-L-triiodothyronine 3.5:1 6 8.0 + 0.3 


(0.021 mg/kg/day) 


* Thyroxine : triiodothyronine. 
+ Mean + 8.D. 
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accord with the work of Keating and Albert 
(7) who state that following radioactive tri- 
iodothyronine treatment, there is a greater 
accumulation of I’*! in the thyroid than after 
radioactive thyroxine treatment. 

Summary. Antigoitrogenic tests in rats 
showed L-triiodothyronine to be about 3.5 
times as active as L-thyroxine on a molar 
basis. In addition, in thyroidectomized rats, 
the L-triiodothyronine had a more potent 
calorigenic effect than L-thyroxine; in this 
case, the molar potency ratio was not less than 
3.5:1. When the response was in the hyper- 
thyroid range, the ratio was even greater than 
3.5:1. Calorigenic tests in normal, intact rats 
showed a somewhat different effect in that 
both the triiodothyronine at a 1:1 molar dos- 
age ratio and the triiodothyronine at 1:3.5 
molar dosage ratio (triiodothyronine: thy- 
roxine) produced changes not too far differ- 
ent from that obtained with the thyroxine. 


Dextran, an Antigen in Man.* 
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The 3:5:3/-L-Triiodothyronine used in this study 
was prepared by Glaxo Laboratories Ltd., England. 

We thank Miss Mary F. Sax for performing the 
surgical thyroidectomies, and Mr. Alfred Boris for 
his valuable technical assistance throughout the 
entire course of this study. 


1. Gross, J., and Pitt-Rivers, R., Lancet, 1952, v1, 
593. 

2. Gross, J., Pitt-Rivers, R., and Trotter, W. R., 
Lancet, 1952, v1, 1044. 

3. Gemmill, C. L., Am. J. Physiol., 1953, v172, 286. 

4. Hill, A. V., and Hill, A. M., J. Physiol., 1913, 
v46, 81. 

5. Freeman, H. A., Industrial Statistics, John Wiley 
and Sons, New York, 1942, 5th Printing, 1949, p48. 

6. Roche, J., and Lissitzky, S., and Michel, R., 
Compt. rend. soc. biol., 1952, v146, 1474. 

7. Keating, F. R., and Albert, A., J. Clin. Invest., 
1953, v32, 580. 


Received July 30, 1953, P.S.E.B.M., 1953, v83. 


(20521) 


(Introduced by F. J. Dixon.) 


From the Department of Pathology, University of Pittsburgh School of Medicine, Pittsburgh. 


Kabat and Berg have recently reported(1)t 
that various dextran preparations are anti- 
genic in man. Quantitative immunochemical 
studies were presented on the reaction of 
various native and partially hydrolized dex- 
trans with homologous human antidextran 
sera. As the implications of these original 
findings to the use of dextran as a blood substi- 
tute are manifold, it was agreed to have the 
results checked independently in another 
laboratory. Dextrans have been shown to 
cross react with types II, XII, and XX horse 
and rabbit antipneumococcal _ sera(2-4). 


* This investigation was supported by a grant 
‘from the Office of the Surgeon General, Department 
of the Army contract No. DA-49-007-MD-248 upon 
recommendation of the Subcommittee on Shock of 
the National Research Council. 

+ The author wishes to thank Dr. E. A. Kabat 
for making his manuscript available before publica- 
tion. 

This is Reprint No. 26 of the Pathology Depart- 
ment, University of Pittsburgh School of Medicine. 


Therefore, it is conceivable that the individ- 
uals who had high concentrations of precipi- 
tins and showed skin sensitivity to dextran 
may have produced antibodies to a cross react- 
ing pneumococcal polysaccharide. A complete 
analysis for antibodies to these polysacchar- 
ides was performed in both the pre- and post- 
immunization sera. 

The persistence of antibodies to many pneu- 
mococcal polysaccharides has been shown by 
Heidelberger, e¢ al.(5-8). However, the pneu- 
mococcal polysaccharides(9), in contrast to 
the dextrans(10,11), are not metabolizible 
and may persist for some time. It was of 
great interest, therefore, to see what the con- 
centration of antibodies against a metabolizi- 
ble polysaccharide would be a year after the 
antigen was injected. 

Experimental dextrans. Five samples of 
native dextran were used. ‘Three of these, 
B 1254, B 742, and B 512, were obtained from 
the Northern Regional Research Laboratory, 
U. S. Department of Agriculture, Peoria, Ill. 
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TABLE I. Some Chemical and Physical Properties of Dextran Samples. 


Branching ratio, 


16 
linkages 
Dextran sample Source N, % non 1:6 Molecular wt 
Native 
B 1254 NRRL* <.01 1 
B 742 NRRL Sea (Jill EO 
B 512 NRERL 01 21 r 
3079 (Swedish) NRCt 05 (fel 95000000 
N 279 CSCt .018 18 1940000 
Clinical 
B 742 NRERL <.01 139 
OP 163 (Swedish) NBS§ el 28300 
R 229 CSC 005 32-49 53000 
258 A 7|| OSC .009 32-49 83000 


Analytical data obtained from source: 
* Northern Regional Research Laboratory. 
+t National Research Council. 
+t Commercial Solvents Corp. 
§ Nat. Bureau of Standards. 


|| Not a routine clinical dextran preparation. Prepared for special test purposes for the 


NRC. 


through the courtesy of Mr. C. E. Rist and 
Dr. A. Jeanes. These are dextrans with dif- 
ferent degrees of branching, the B 1254 from 
Streptococcus dextranicum and the other two 
from strains of Leuconostoc mesenteroides. 
Dextran sample number 3079 was a native 
preparation obtained from Pharmacia Co. 
through the National Research Council. 
Sample 279 was a native dextran supplied by 
Drs. F. Schulz and M. E. Bachman of Com- 
mercial Solvents Corp. This was prepared 
from the NRRL B 512 strain and similar to 
sample B 512. Four samples of clinical dex- 
tran were available. Swedish sample OP 163 
was obtained from Dr. E. A. Kabat. Samples 
R 229 and 258 A 7 were supplied by Com- 
mercial Solvents Corp. B 742 was obtained 
from the Northern Regional Research Labora- 
tory. A summary of chemical and physical 
properties of some of the dextrans is given 
in Table 1 of reference 1. The properties of 
dextrans used in this study are given in Table 
I. Samples of C polysaccharide (S 146) from 
a type I pneumococcus, and the type specific 
pneumococcal polysaccharides from types II 
(Squibb) and type XII (Squibb 115 A) were 
kindly supplied by Dr. M. Heidelberger. Type 
XX pneumococcal polysaccharide was ob- 
tained through the courtesy of Dr. Rachel 
Brown of the New York State Department of 
Health. 


Analytical solutions of dextran were pre- 
pared by dissolving samples dried to constant 
weight over PO; im vacuo. Solutions were 
kept with a drop of chloroform. For injec- 
tions, suitable dilutions were made in 0.85% 
saline containing 0.25% phenol and tested for 
sterility. 

Immunization procedure. Healthy medical 
student volunteers were used. The procedures 
followed for pre-immunization bleedings, in- 
tracutaneous skin testing, injections, post-im- 
munization bleedings, and skin testing were 
those outlined in reference 1. All serum sam- 
ples were handled with sterile precautions and 
in addition ‘Merthiolate’ (0.01%) and phenol 
(0.25%) were added. 

Quantitative precipitin studies. The pre- 
and post-immunization serum samples were 
assayed for antibody nitrogen by the quanti- 
tative precipitin method of Heidelberger and 
MacPherson(12). A complete description of 
the procedure is in reference 1. Results are 
given in »g antibody nitrogen precipitated per 
ml of serum although 3 ml samples were used 
for analysis (Table II). Quantitative pre- 
cipitin curves were obtained with sera ob- 
tained from individuals who had shown the 
best antibody response. Their sera, both from 
pre- and post-immunization bleedings were 
analyzed for antibody N against C poly- 
saccharide from type I pneumococcal poly- 


TABLE II.. Response of Humans to Injection of Dextran (1 mg). 


Dextran sample used 
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Subject 


Nitrogen precipitable by dextran 


from serum 


Pre- 


immunization, immunization, 


ug N/ml 


Post- 
wg N/ml 


7—— Cutaneous reaction —~ 


Pre- 
immunization 


Post- 


immunization 


CSC clin. R 229 


OSC clin. 258 A 7 


OSC native N 279 


Swedish clin. 163 


Swedish 3079 


NRRL B 742 (clin.) 


NRRL B 742 (native) 


NRRL B 1254 (native) 


NRRLB 512 F (native) 
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saccharide and pneumococcal polysaccharides, 
types II, XII, and XX. The methods for 


analysis were described by Heidelberger 
et al.(5). 
Results. Table II summarizes the results 


obtained in 55 individuals immunized with 
the various dextrans. They agree well with 
those reported by Kabat and Berg. A sub- 
stantial number of volunteers showed rises in 
nitrogen precipitable by dextran in the post- 
immunization serum as compared with that in 
the pre-immunization sample. There was no 
significant reaction in any of the 13 volunteers 
to the CSC clinical dextran R 229. Although 
this would seem to indicate that this prepara- 
tion is non-antigenic, it is quite possible that 
these individuals are not “reactors.” Kabat 
and Berg encountered a similar observation 
and found their group of nonreactors to CSC 
clinical dextran to be nonreactors to a second 
course of CSC clinical dextran and also to 
CSC native dextran. The reaction noted in 3 
of 6 volunteers given the CSC clinical dextran 
258 A 7 does not mean that CSC clinical dex- 
tran is highly antigenic. This preparation 
was not a regular clinical preparation but was 
prepared for special test purposes for the 
National Research Council. As can be seen 
from Table I, it has a higher average molecu- 
lar weight than that of the CSC R 229. Three 
out of 5 students injected with CSC native 279 
showed a significant increase in antibody N 
in the post-immunization sera. As discussed 
by Kabat and Berg, an increase of 2 pg or 
more in precipitable nitrogen per ml from the 
pre- to post-immunization sample is consid- 
ered significant. From the rest of Table IT it 
is evident that there are good reactors to all 
the remaining dextran preparations. It is also 
of interest that 3 of the 4 individuals injected 
with the most highly branched native dextran, 
B 742, had relatively high levels of precipitins 
in their serum before immunization and not 
much higher levels after immunization. The 
presence of significant precipitin levels to 
NRRL B 742 native dextran in most human 
sera (about 3-5 ng antibody N per ml) has 
been confirmed in about 250 sera received 
from Army volunteers(13). 

Comparison of the post-immunization pre- 
cipitin levels with the skin tests showed that 
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19 out of 21 individuals with 2 »g antibody 
N per ml or more had positive skin tests and 
of the 36 individuals, with antibody levels 
less than 2 pg N per ml, 31 were negative 
or +. This difference is highly significant as 
pointed out in(1). Furthermore, it is evi- 
dent from Table II that a definite antibody 
response on immunization was accompanied 
by the appearance of cutaneous erythema and 
wheal reactions in individuals who had nega- 
tive or + skin tests before immunization. In 
those cases where initial sensitivity existed, an 
increase in antibody level was usually accom- 
panied by an increased skin reaction. 

As discussed by Kabat and Berg, the num- 
ber of individuals injected with each dextran 
is not sufficient to permit inferences to be 
drawn as to the relative antigenicity of each 
dextran sample. 

Results obtained on the complete quantita- 
tive precipitin curves from the best anti- 
dextran sera will not be reported. Suffice to 
say that a summary of the observations re- 
ported here are similar to those reported in 
(1). 1-—Native dextrans precipitated more 
antibody that the clinical dextran fractions. 
2—Inhibition of precipitation by excess anti- 
gen required smaller quantities of the clini- 
cal dextran than of the native dextrans. 3— 
Among the native dextrans, B 742, which was 
the most highly branched, required much 
larger quantities to precipitate equivalent 
amounts of antibody nitrogen than used for 
other native dextrans. 

The values presented in the last 2 columns 
in Table III indicate that there is not much 
difference in the anti-dextran antibody nitro- 
gen level before or after absorption with the 
various cross reacting pneumococcal poly- 
saccharides. It is also significant to note that 
immunization with the dextran did not cause 
much of a change in the antibody levels to 
the specific pneumococcal polysaccharides. 
Table IV presents the data showing that sig- 
nificant amounts of antibodies to the various 
dextrans in some of the sera persist one year 
after immunization. 

Discussion. The data presented clearly 
confirm the original findings of Kabat and 
Berg that the injection of small amounts 
(1 mg) of native or clinical dextran into hu- 
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TABLE III. Micrograms Antibody N Precipitated per ml of Serum from Medical Volunteers Receiving 
Injections of Various Dextrans. 


Anti-dextran 
after absorp- 
tion with 


Anti-dextran 
before absorp- 
‘tion with 


Subject 4c Cc Anti . pneumococeal pneumococeal 

No. Inj. with dextran Bleeding CI SII SXII SXX polysaccharides polysaccharides 
15 OSC clin. 258 Preimmunization 2.0 1.4 2.6 0 A ail 
AT Post ¥ eee 5 lS si uO 7 11.5 
21 CSC native N 279 Pre po eee RS) 1.0 2 1.8 
Post . Dr 1A aif 1.0 5.9 6.0 
26 Swedish clin.OP Pre s 1.6 1.4 8 0 a) 2 
163 Post 3 1.0 4 A 0 19.8 19.8 
34 Swedish native Pre st Ae) ae) 5 1.1 1.5 
3079 Post % 1 Ove 4 6 14.9 16.2 
38 NRRL B 742 Pre a Ipsye Ihe 0) ily 1.8 ) 
clin. Post P 20S Oe 3.5 3.8 4.4 
44 NRRL B 742 Pre - ies) 6 6 3.0 5.1 
native Post 2% Ae ts Ohare ee 6.5 6.3 
49 NRRL B 1254 Pre *: Sh ae! 0 0 8 3) 
Post -s a0) BY 4 ils 4.1 4.1 
51 NRRL B 512 F Pre . Guan Oe glee 3 2.7 aol 
Post 2 1.2 0 0 9) 19.4 yea 


mans leads to the production of specific an- 
tibodies. It would appear then that the aller- 
gic reactions reported previously(14-16) are 
due to the antibodies to dextran. However, 
it should be borne in mind that the response 
of an individual or animal to a small dose of 
antigen is not necessarily the same as that 
elicited upon exposure to a massive infusion 
or infusions. The phenomenon of “immuno- 
logical paralysis” which has been reported by 
other workers with polysaccharide antigens 
(17,18) cannot be overlooked. Experiments 
are now underway in our laboratory which 
would indicate that it is possible to fatigue 
the immune response in rabbits to bovine 
serum albumin and human serum albumin 
(19) by repeated massive injections of the 
protein solution. It is realized that inferences 
should not be drawn from studies on experi- 
mental animals to the human. 


The possible explanation advanced by 
Kabat and Berg that individuals who showed 
precipitins and skin sensitivity to dextran may 
conceivably have produced antibodies to some 
cross reacting substance such as type II, XII, 
or XX pneumococcal polysaccharides has to 
be ruled out at least as far as the pneumo- 
coccal polysaccharides are concerned. This 
would be more evidence in favor of the con- 
clusions .advanced that the antibodies pro- 


duced after injection of dextran are actually 
specific antibodies against the dextrans. 

The persistence of antibodies to dextran 
(Table IV) parallels closely the persistence 
of antibodies to the pneumococcal poly- 
saccharides. It has been shown and discussed 
(20) that “contrary to the behavior of anti- 
toxin in the human subject which drops off 
to one-half or less during the second week 
period and continues to decrease at a slower 
rate, the type specific anti-carbohydrate in 
human sera remains level at or near the top 
for 5-8 months.” 

Explanations advanced for the difference in 
behavior are that toxins and toxoids being 
proteins are attacked by tissue enzymes where- 
as the pneumococcal polysaccharides are ex- 
tremely resistant to attack. The persistence 
of antigen (polysaccharide) explains the pro- 
duction of antibody according to the Breinl- 
Haurowitz-Mudd-Alexander-Pauling group. 
According to Burnet, the presence of antigen 
is necessary only for the initial modification 
of the antibody producing mechanism. Anti- 
gen need not persist for antibody production 
to occur. A compromise between the 2 theo- 
ries has been advanced by Heidelberger to 
explain both the anamnestic reaction observed 
with toxoid and not with polysaccharide anti- 
gen, and the persistence of antibody levels to 
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TABLE IV. Persistence of Antibodies in Human 
Sera after Injection of Various Dextrans. 


ug antibody 
nitrogen per 
ml serum 


Date of 
bleeding 


5/28/52 
6/26/52 
2/ 9/53 9.0 
2/ 5/52 
2/25/52 
3/ 5/53 
2/25/52 
3/18/52 
3/ 5/53 
2/ 6/52 
2/25/52 
3/ 5/53 
2/25/52 
3/19/52 
3/ 5/53 
2/14/52 
3/20/52 
3/ 5/53 
2/25/52 
3/19/52 
3/ 5/53 


Sub- 
ject 


a OSC’ clinical 258 A 7 


Inj. with dextran 


Dal CSC native 


26 Swedish elinical 


34 Swedish native 


Hee ee po 


38 NRRLB742 clinical 


44 NRRLB742 native 


51 NRRLB512F 
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the polysaccharide antigen(20). 

The persistence of antibodies to dextran 
after a year or so does not aid in the elucida- 
tion of this problem. It would appear that 
here, a metabolizible polysaccharide antigen 
injected in so small an amount (1 mg) should 
certainly be gone in the course of a few weeks 
and therefore lend support to the Burnet 
theory. However, Neill, Hehre, and cowork- 
ers(2) have shown that dextran is a contami- 
nant of sugar samples and also that the hu- 
man gastrointestinal tract contains dextran- 
producing organisms(21). In addition, sev- 
eral investigators have reported the presence 
of dextran in various tissues(22,23). It is 
quite possible that these factors may be pro- 
viding a sufficient antigenic stimulus to keep 
the antibody level up. 

Summary. It has been confirmed that na- 
tive and clinical dextrans are antigenic in man. 
Three weeks after injection of 1 mg of dextran 
precipitins and cutaneous wheal and erythema 
sensitivity developed. The presence in human 
sera of antibodies to the pneumococcal poly- 
saccharides which cross react with dextrans 
in other species (rabbit and horse) appears to 
have little to do with the reaction of humans 
to dextran. Antibodies produced after im- 
munization with dextran have been shown to 
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be specific for dextran. The persistence of 
antibodies to dextran has been shown. 

The author wishes to express his thanks to Drs. 
E. A. Kabat, Gerard Turino, and F. Douglas Lawra- 
son of the Subcommittee on Shock of the National 
Research Council for advice and help in obtaining 
many of the materials used in this study. 
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844. 

Growth inhibitor, trypsin influence. 269. 
promotion, protozoa, purines effect. 434. 
sulfonamide influence. 88. 


cortisone effect. 


Hafnium complexes. 801. 

Hay, alfalfa, dot-dusted, rat tissues. 458. 
Heart, auricle, work performed. 258. 
mitral orifice, valve artificial. 401. 
Hematoporphyrin, pituitary-adrenal 

tion. 264. 
Heparin, chondroitin sulfate, separation, chro- 
matography. 263. 
lysozyme inhibition. 111. 
plasma lipolysis. 216. 
Hormone, ACTH, adrenal 6 glucuronidase ac- 
tivity. 769. 
Be deficiency, eosinophile response. 655. 
endogenous, half-life. 729. 
pneumococcal infection. 790. 
adrenal cortex, work output and glucose tol- 
erance. 537. 
androgen, myotrophic activity. 175. 
antidiuretic, inactivation, pregnancy serum. 
784. 
corticotropin, extraction. 334. 
cortisone, adrenal 6 glucuronidase activity. . 
769. 
Candida, virulence enhancement. 778. 
chick embryo. 31. 
diphtheria intoxication and Schick test. 502. 
electrolyte and water balance. 795. 
free wandering cells. 591. 
liver glycogen, glycine. 
mast, cell. 335. 
meningeal tale granuloma. 844. 


stimula- 


804. 
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metabolism, liver. 27. 
synovial cavity. 648. 
nitrogen mustard toxicity. 376. 
somatotrophic hormone effect. 326. 
thiamine deficiency. 872. 
thyroid pituitary interaction. 181. 
Doca glycoside, fibroblast. 30. 
epinephrine, Be deficiency, eosinophile re- 
sponse. 655. 
brain effects. 306. 
cs adrenal @ glucuronidase activity. 
69. 
benzoate, skeleton fish. 646. 
growth, metabolic effects. 151. 
nitrogen mustard. 615. 
hydrocortisone, metabolism, synovial cavity. 
648. 
17-hydroxycorticosteroids, scurvy. 722. 
insulin, fructose metabolism. 327. 
ketosteroid 17-, adrenal hyperplasia. 251. 
methyl testosterone, skeleton fish. 646. 
parathyroid, assay. 923, 
pituitary, gonadotrophic, ovarian control. 157. 
growth, diabetes accentuation. 683. 
liver enzymes. 781. 
pancreatic glucagon. 758. 
ovulating, reflex discharge. 820. 
somatotrophic cortisone. 326, 
testicular atrophy radiation induced. 259, 
somatotrophic, X-radiation. 85. 
testosterone, nitrogen metabolism. 674. 
thyroid, pituitary tumors, thyrotrophin-se- 
creting. 511. 
thyroxine, mast cell. 335. 
Hyaluronidase, diet and adrenal influence. 588. 


Infection, X-ray, effect. 205. 

Intestine, motility, starvation effect. 98. 
Iodine utilization, thyroid, fish. 751. 
Isotope, P*, TEPA, distribution. 398. 


Ketone, metabolism, shock. 608. 
Kidney, St serum complement. 
352! 


Leptospira, antigen, agglutinating. 490. 
isolation, chick. 712. _ 
icterohemorrhagiae, antibiotic effect. 815. 

Lipids, PABA and PAS oxidation. 378. 

Lipoprotein, lipolysis, heparin. 216. 

Liver, cholesterol and cholate production. 212. 
cirrhosis, Co” vitamin Bi. 681. 
coproporphyrin excretion. 232. 
cortisone metabolism. 27. 
enzymes, pituitary growth hormone effect. 


glycogen, glycine, cortisone influence. 804. 

hepatitis serum, immune serum globulin, 
safety. 554, 

metabolism, sex difference, X-ray and fluor- 
acetate effect. 695. 

phosphorus metabolism. 771. 

surgery, hypothermia. 639. 

Lyxoflavin, rations, starting. 395. 


Malaria, chicken tumor, inhibition. 349, 


Nucleoprotein, fi 


- Pyrogen, influenza, tolerance, 
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Mast cell, hormonal influence. 335. 
stilbamidine effect. 455. 

Meninges, talc granuloma, cortisone effect. 844. 

Mercaptoethylamine, X-ray lethality. 411. 

Methylcholanthrene, fibroma, formation. 34. 

Mitochondria, glycolytic and respiratory en- 


zymes. 62. 
Molybdenum, toxicity, Lactobacillus leichmannii. 
487. 


Mouse, CsH, chloroform effect. 474. 
Muscle metabolism, vitamin EF, deficiency. 637. 
Mustard, influenza virus activity. 190. 
nitrogen, growth hormone and antibiotic ef- 
fects. 615. 
toxicity, cortisone influence. 376. 


Nerve demyelination, seaweed. 518. 
procaine and tetracaine effect. 831. 
synapse, photography. 829. 
Nitrogen metabolism, testosterone effect. 674. 
fibroblast stimulation. 390. 


Oil, sesame, DCA, sarcoma production. 14. 
Osniosis; membrane leaky. 195. 
Ovary, pituitary, gonadotrophic, 
sponse. 157 
ate electroshock and electronarcosis. 
g é 


hormone re- 


Oviduct, amino acids and peptides. 697. 


PABA and PAS, oxidation. 378. 
PVP, intravenous, effects. 146. 


Pancrenses glucagon, pituitary growth hormone 
758. 
pancreatitis, plasma coagulation. 423. 


Paritol-C, serum lipids and cholesterol. 665. 
Peptides, oviduct. 697. 

-poly, glutamyl excretion. 253. — 
Phosphatide, blood coagulation, X-ray, 384. 
Phosphoramides, tumor therapy. 438. 
Phosphorus metabolism, liver. 771. 

Pimelic acid, diamino, chromatography. 535. 
Piromen, X-radiation. 54. 
Pituitary, hematoporphyrin. 264. 
removal, adrenal £-glucuronidase 
769, 
tumors, thyrotrophin-secreting, thyroid hor- 
mone, effect. 511. 


Placenta transfer, vitamin A and carotene. 571. 


Platelet extract, intravenous, effect. 453. 
Plutonium distribution, zirconium effect. 710. 
metabolism, Versene effect. 301. 
Potassium, deficiency, protein utilization. 102. 
Proline hydroxy, determination. 461]. 
Porphyrin, proto, production, tetrahymena. 525. 
Protein, catabolism, hemorrhagic shock. 362. 
utilization, mineral influence. 102. 
Protozoa, growth purines effect. 434. 
Purine 2,6-diamino, cell division and growth, in- 
hibition. 561. 
growth promotion. 434. 
influenzal virus 
fever production. 612. 
mumps, tolerance, influenzal virus fever pro- 
duction. 612. 


Radium, effect, CF1l mice. 494. 


activity. 
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Renin diuresis and proteinuria. 631. 
Reproduction, X-ray effect. 662. 
Rickettsia, Macacus infection. 699. 


Schick test, cortisone effect. 502. 

Schistosoma mansoni, castration influence. $3. 

Seaweed, nerve demyelination. 518. 

Sedormid, porphyria. 566. 

Semen, fibrinolytic system relationship. 692. 

Serum, oe erythropoietic 

Shock, hemorrhagic, fatty acid and ketone 
métabolism. 608. 

plasma aminopeptidase. 568. 
* protein catabolism. 362. 

Skin, temperature, measurement. 269. 

Sodium retention, adrenal, venous blood. 628. 

Soybean, soyin, immunology. 539. 

Spleen, antineoplastic factor. 671. 

Sprue, tropical, Co® vitamin By. 681. 


. Starvation, intestinal motility. 98. 


Sterilization, radioiodine, milk. 762. 
Sterols, cholesterol C“* absorption. 498. 
Stilbamidine, mast cell. 455. 


‘Stomach, dye secretion, ionization constants. 


130. 
eae analysis, tubeless, exogenous ions. 
vitamin Bis, electrophoresis. 506. 
vitamin Bi absorption. 226. ° 
Streptokinase, antigen. 689. 
Stress, body temperature. 4. 
reducing factors. 135. 
serum, electrolytes and electrocardiogram. 


sulfhydryl compounds, blood and liver. 708. 
wound healing. 798. 
Strontium 89 metabolism, chemical agent, ef- 
fect. 550. 


Sulfhydryl, blood and liver, “stress” effect. 708. 
tyrosinase and protyrosinase. 717. 

Sulfonamide, growth effect. 88. 

Teeth, caries, experimental, skim milk. 21. 

Telepaque, excretion. 544. 

Temperature, body, stress, anesthesia, death 


effect. 4: : 
Testicle, atrophy, radiation induced, pituitary 
extract effect. 259. 
Tetrahymena, folic acid analogs, effect. 586. 
Thiopental, anesthesia, fat feeding effect. 110. 
Thromboplastin, thromboplastinase. 858. 
Thyroid, cholesterol metabolism. 143. 
cholic acid and cholesterol excretion. 246. 
T uptake, food and water effect. 748. 
iodine utilization, fish. 751. 
pituitary axis, cortisone effect. 181. 
struma lymphomatosa, experimental produc- 
tion. 835. 
Thyronine, iodine metabolism. 52. 
Thyroxine, iodine metabolism. 52. 
thyroid effect. 875. 
tissue metabolism. 500. 
Tissue clearance. 643. ; 
diet, cattle fed dot-dusted alfalfa hay. 458. 
Toluidine blue, metastatic calcification. 281. 
Triazines, 1,2-dihydro-s-. 733, 740, 742. 
Tumor, anti, splenic factor. 671. 


stimulation. 
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ascites, characteristics. 520. 
chicken, malaria effect. 349, 
experimental, salivary gland. 414. 
fibroma, methylcholanthrene. 34. 
Flexner-Jobling, phytoagglutinins. + 863. 
sarcoma, DCA, sesame oil injection. 14. 
therapy, phosphoramides. 438. 
Thyronine, triiodo-, thyroid effect. 875. 


Urine porphyrin, sedormid. 566. 
protein and renin diuresis. 631. 

Uterus, acid phosphatase. 45. 
glycogen deposition, starvation. 405. 


Vanadium, Versene, antagonism. 346. 
Versene, plutonium, metabolism. 301. 
vanadium, toxicity. 346. 
Virus, arthropod-borne, hemageglutinins. 170. 
Coxsackie, properties. 119. 
oe St. Louis, propagation in tumor. 
growth kinetics, tissue culture. 621. 
herpes zoster, propagation. 340, 
eee bronchitis, polypeptide protection. 
influenza, fever production. 612. 
mustard effects. 190. 
Mack. 200. 
mouse pox, spontaneous. 315. 
mumps, hamsters. 714. 
polypeptide effect. 852. 
Ree disease, polypeptide protection. 
; 41, 
poliomyelitis, antibiotic. 161. 
benzimidazole effect. 408. 
cytopathogenic inhibition, antibiotics. 
erythrocyte absorption. 249. 
fatigue, effect. 678. 
gamma globulin effect. 308. 
monkey, oral infection. 807. 
tissue culture, susceptibility. 577. 
type III, mouse adapted. 706. 
psittacosis, turkey, 99. 
rabies, Syrian hamster. 793. 
vaccinia, plaque formation. 426. 
protection, egg cultivated tumor. 676. 
varicella, propagation. 340. ; 
whooping cough, antibodies. 866. 
Virus-anti, netropsin. 1. 
Vitamin A, deficiency, oral epithelium, phase 
microscopy. 356. 
placenta and mammary transfer. 571.. 
utilization, aureomycin effect. 43. 
Bi deficiency, cortisone effect. 872. 
Be deficiency, eosinopenile, adrenal and stress. 
655. 
Bi assay, E. coli. 448. 
Co 60 retention. 221. 
tropical sprue and hepatic cirrhosis. 681. 
excretion, gastrectomy, influence. 226. 
gastric secretion, electrophoresis. 5006. 
C, biosynthesis, precursor. 39. 
deficiency, 17-hydroxycorticosteroids. 
citrovorum factor, metabolism. 167. 
E, deficiency, arginase. 57. 
muscle metabolism, nitrogen. 637. 
survival, eviscerated rat. 602. 
thiamine, excretion, mercurial effect. 323. 


787. 


Wee 


898 


Vitamin-anti, amethopterin, tissue. 369. 
folic acid analogs, tetrahymena. 586. 
resistance, 272. 


SUBJECT 


pteroylelutamic acid, metabolism. 167. 


Wound healing, stress effect. 798. 
sulfur amino acids. 329. 


X-radiation, antibody production. 163. 


B mercaptoethylamine protection. 411. 


bactericidal action, inhibition. 184. 
carboxypeptidase inhibitor. 6, 
infection, susceptibility. 205. 


life prolongation, dialysis im vivo. 618. 


INDEX 


live metabolism, sex difference. 695. 

piromen effect. 54. 

reproduction paramecium. 662. 

somatotrophic hormone and streptomycin in- 
fluence. 85. 

streptomycin, host defenses. 289. 

tissue enzymes. 266 

X-ray, coagulation defect, phosphatide effect. 

384. 


Yeast cultivation, mouse cells. 584. 


Zinc, cytochrome oxidase. 625. 
Zirconium, plutonium distribution. 710. 


